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FIG. 6

HTLV-3(2026ND)

NLS
PWKHFPGFGCSEEYGYPVYVFGUCVOKDWCPISGGECSKREHRHKIEKTFPEHQITWDPIDGRVVSSALQY 70

CBP/P300 Binding
LIPRLPSFPTRRTTRTLKVLTPPTTAATPXIPPSFFHAVKKHTPFRNNCLELTLGEQLPAMSFPDPGLRP 140

NES
ONIYTMWGSSVVCLYLYQLSPPMTWPLIPHVIFCHPEQLGAFLTRVPTRRLEELLYKIFLSTGATITILPE 210

NCFPTTLFQPTRAPAVQAPWHTGLLPCQKEIATPGLIWTFTDGS PMISGPCPKEGQPSLVVQSSTFIFQQ 280

CR2 binding PDZ
FQTKASHPAFLLSHKLIHYSSFHSLHLLFEEY[TTIPFSLL) NEKGANVDDDEPRDGSQPPARGQIAE 350

SEQ ID NO: 50

FIG. 7

ERRRRCREELEERKROKKERRNQLDCIDMLGFEGFCDLEEG YIDFLFRESQQLRAGCEESL]

Arginine rich Leucine Zipper

SEQ ID NO: 84
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FIG. 10A

TGACAGGGACAACGACCCTCTCCCAGGGGCGACAGUCAAGCCCCCAAGGACA
AAACTAGCAGGGACTAGTCATCAGCCAAAAAGGTCAACTGTCTCACACAAAT
AAGGATCCGAAGGTTCTGACGTCCCAGCCCAGCCTCAAAACCAGGAAATCCA
TAGAAATGCACCTCGCCCTTACCCACTTCCCCTATCATGAAAAACAAAGGCT
GTGACGACTACCCCCTTCCCCAAAAAATTTOCTTAAACCATCAATAAAGACA
GCCTAGCCTATATAAGCATGAGGATGGTTCAGCAGGGGOGCTCGCTCTCTTGC
CGATCGCCCTGCTCACCTCGAGTGTCCATCTCCTGGTCAATCAGTTGAGACGC
CGCCGGCTGCCGGTCTCCTGGTTGTCGCACCTCCTGAACCACCCCTTGGGTAA
GTCCCCCCTTGGTCCGAGCTTGGCTACGGTTTCTGTAGTCGCTCCCAGGGAAG
TCTCCGAGACTGCCCAAGCCTCTGCTTGCAAGGCTACGGCCCTCCACCCCTCT
TCCGCGTCCGTGTTAATCTCTTCGCGCCAACCGAAAACGAAAGCGCCTCCAG
CTCTCTTGGCCCGGGGCCAGGCCTGAGCCGCGCGGGCGCACCACCTTAAGCC
CGCTGTACTCAAACCCCTCCGGGAGGGGCCCTTTACAGTAGGCGCCCGTCCC
CCCGGGGGAAACATACAAGTGGGGGCTCGTCCGGGATCTGTTCCGCTCTCGC
CGTTCCCCCCCTCCCACTATGGGTCAGACCCACACATCCAGTCCCGTCCCTAA
GGCCCCCAGGGGGCTCTCCACCCACCACTGGCTTAATTTCCTGCAGGCGGCTT
ACCGCCTGCAACCTGGACCCTCCGAATTCGATTITCACCAGTTAAGACGATTC
CTTAAGCTAGCGCTCCAAACCCCAGTCTGGTTAAACCCTATCGATTACTCCCT
CCTAGCCGGCCTAATCCCCAAGGGGTACCCCGGTCGGGTGACCGAGATCGTT
AATATCCTCCTCCGCGCTCATCCACCCCCCAGCGCCCCGGCAATTTCCATGCC
CACGGCCACCGGCCCGGCCCCTGCCCCCCAGCCTCAGGAGGCGCACACGCCC
CCCCCTTATGCGGAGCCTGCTGCGCTCCAGTGCCTTCCCATTATGCACTCCCA
CGGGGCCCCCTCGAGCCACCGCCCCTGGCAGATGAAAGACTTACAAGCCATT
AAACAAGAAATTAGCACCTCAGCTCCCGGCAGTCCTCAATTTATGCATACCA
TTCGACTTGCCATCCAGCAGTTTGACCCTACGGCTAAAGATCTACATGATCTT
TTGCAGTACTTGTGCTCGTCCCTTATTGTCTCCCTTCACCACCAACAGCTACA
AGCACTCATTGTGGAGGCAGAAACCCGAGGGTTGACAGGTTACAATCCTATG
GCAGGGCCCCTCCGGGTACAAGCAAACAACCCCGCCCAGCAAGGCCTCCAG
AGAGAATACCAAAGTCTTTGGCTGGCCGCCTTTGCGGCCCTGCCTGGTAACA
CCCGAGATCCTTCCTGGGCCGCAATATTGCAAGGCCTCGAGGAACCTTATTGYT
GCCTTTGTAGAGCGCCTCAATGCGGCCCTCGATAATGGTCTACCTGAAGGCA
CACCAAAGGAACCCATCCTGCGGCCGCTGGCATACTCCAATGCCAACAAAGA
ATGCCAGAAACTCCTTCAGGCGCGGGGCCATACCAACAGTCCCCTTGGCGAA
ATGCTCCGAGCCTGTCAGGCTTGGACACCAAAGGATAAGACCAAAGTTCTAG
TAGTTCAGCCCCGTAAAACCCCTCCAACACAACCGTGCTTCCGGTGTGGAAA
GGTGGGACACTGGAGCCGAGACTGCACTCAGCCTCGCCCCCCTCCGGGGCCC
TGCCCCCTATGTCAGGACCCATCCCACTGGAAGCGAGATTGCCCCCAGCTAA
AAACCCCGCCGGAGGCAGAAGAACCCCTCCTAGCGGATTTGCCTGCCCTTCT
CCCGGAGGAAAAAAACTCCCCAGGGGGGGAGAACTAGTCTCCCCCCGACCC
GGTAACGTGCCTTCCCTGCTTCCCCTTGTCTCCCTATGGCAGGCCCAACAATC
TCTCCTCAATATTAAAGTTTCCTTCTTCGATCGCCCACCCCTGGCATCACAGG
CGCTCCTGGACACCGGAGCCGGCCTCACTGTCATGCCCCAGGTTTTGGCTCGG
GGGCTCACGGACCTCCAGGACACCACCATTCTGGGGGCCGGCGGTAAAACCC
ACTCCCAGTTTAAACTCCTACGGTGTCCGGTACATGTATACTTGCCCTTCCGT
AGGGCTCCCGTGTCCCTTCCCTCATGTCTAATTGACACCAAGAATGAGTGGAC
CATCATCGGCCGGGACGTCCTGCAGCAATGCCAGGGGGCCCTTTACTTACCG
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FIG. 10B

GAGGACCTCCCGGCCCCGACCCAGTTATCCCCGUGTGACCACCCCTGCAGTCA
TCGGCTTAGAACATCTTCCAGAGCCCCCAGAGGTCAGCCAGTTTCCTTTAAAC
CTGAACGCCTCCAGGCCCTAATAGACCTGGTCTCCAAGGCACTGGAGGCTGG
CCATATCGAACCTTACTCTGGACCAGGCAACAACCCAGTTTTCCCTGTTAAAA
AACCCAACGGCAAGTGGCGATTTATCCATGACCTCAGGGCCACTAATGCCAT
CACCACTACCCTTGCCTCGCCCTCCCCCGGCCCCCCTGATCTTACCAGCCTGC
CACAGGCCTTGCCCCATCTTCAGACCATCGATCTCACGGACGCTTTCTTCCAG
ATTCCCCTCCCAAAGCGATTCCAGCCCTACTTCGCCTTTACCATCCCCCAGCC
ATTAAATCATGGGCCTGGGAGCAGUGTACGCTTGGACAGTCCTTCCCCAAGGC
TTCAAAAACAGCCCCACGCTCTTTGAGCAACAGCTGGCCAGCGTACTAGGCC
CAGCCCGAAAAGCCTTCCCCACATCCGTCATCGTCCAATACATGGACGACAT
CCTCTTGGCATGCCCCTCCCAGCACGAACTAGATCAGCTGGCCACCCTTACCG
CACAGCTATTGTCCTCTCATGGTCTCCCAGTTTCCCAGGAAAAAACCCAACGC
ACCCCAGGAAAAATACACTTCCTGGGCCAAATCATACATCCAGATCACATCA
CCTATGAAACCACCCCCACCATCCCCATTAAGGCACACTGGACCCTGACTGA
ACTGCAAACCCTCCTGGGGGAGCTCCAGTGGGTCTCCAAGGGGACTCCTGTC
CTCCGAGAACACCTTCACTGTCTCTACTCAGCCTTGAGAGGTCTCAAAGACCC
CCGGGACACTATCACCCTTCGTCATCCTCACCTCCACGCTCTCCACAACATTC
AGCAAGCCCTGCATCACAATTGCCGCGGTCGCCTTGACTCTACGCTCCCCCTC
CTTGGCCTCATCTTCCTCAGTCCATCCGGCACGACCTCAGTCCTCTTCCAGAC
AAATCATAAATGGCCCCTAGTCTGGCTCCACGCCCCCCATCCCCCGACCAGC
CTATGCCCCTGGGGGCACATACTCGCCTGCACTGTACTTACCCTTGACAAGTA
TGCCTTGCAGCACTATGGCCAACTATGCAAATCATTCCATCATAACATGTCCA
CCCAGGCCCTACACGATTTCGTAAAAAATTCCTCTCACCCCAGCGTCGCCATA
TTAATTCACCACATGCATCGGTTCTGTGATCTGGGCAGACAGCCACCGGGAC
CCTGGCGAACCCTCTTACAACTCCCGGCCCTTCTCCGGGAACCCCAGCTCCTC
AGGCCTGCATTITCCCTATCCCCAGTGGTTATAGATCAGGCCCCTTGTCTGTT
CTCTGATGGGTCTCCCCAAAAGGCCGCCTATGTAATTTGGGACAAGGTCATTC
TCAGCCAGCGGTCGGTCCCCCTGCCCCCCCATGCCAATAACTCAGCACAAAA
GGGGGAATTAGTCGGACTCCTCTTGGGCTTGCAAGCCGCACAGCCCTGGCCA
TCCCTTAACATTTTCCTAGACTCAAAGTTCCTCATCCGGTACCTCCAGTCCCTC
GCTTCCGGGGCCTTCCAAGGATCATCCACACACCACCGTCTCCAGGCGTCCCT
GCCCACACTCCTCCAGGGCAAGGTCGTGTATCTCCACCACACCCGCAGCCAC
ACCCAATTGCCTGATCCCATCTCGACCCTCAATGAATATACCGACTCTCTCAT
TGTCGCCCCCGTAACCCCCTTGAAGCCTGAGGGCCTCCATGCCCTCACCCACT
GCAACCAACAGGCCCTCGTTTCCCACGGAGCCACCCCTGCACAGGCTAAGCA
ACTCGTGCAGGCCTGCCGCACCTGTCAAATCATTAACCCTCAACACCACATG
CCGCGTGGCCACATCCGCCGCGGCCACTTCCCAAACCACACATGGCAAGGAG
ATGTCACCCACCTTAAGCACAAACGGACCCGATACTGCCTCCACGTCTGGGT
GGATACCTTCTCAGGTGCGGTATCTTGTGTCTGCAAAAAGAAAGAAACTAGC
AGCGACCTTATCAAAACCCTCCTACATGCCATCTCCGTGCTAGGCAAGCCCTT
CTCTGTTAACACGGACAATGGACCCGCTTACCTTTCTCAGGAGTTCCACGAAT
TCTGTACCACCCTCTGCATCAAACACTCCACCCATATTCCCTACAATCCGACA
AGTTCAGGCCTGGTGGAGCGCACAAATGGCATTCTCAAGACACTACTATACA
AATATTTCCTAGACCACCCTGACCTCCCCCTAGAAAGCGCGGTTTCAAAGGCT
CTCTGGACCATTAACCATTTAAATGTCATGCGCCCCTGTGGTAAGACTCGGTG
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GCAGCTCCATCACACCCCCCCCCTGCCTCCTATTTCCGAGTCCATACAAACCA
CTCCCACCAGGCTACATTGGTACTATTACAAAACCCCTGGACTTACCAACCA
GCGATGGAAAGGGCCCGTACAATCTCTCCAGGAAGCAGCAGGAGCAGCTCTC
CTTCAAGTCAGTGACGGCTCGCCCCAGTGGATCCCTTGGCGGCTCCTGAAGA
AGACTGTATGCCCAAAACCCGACGACCCCGAACCCGCAGGGCACGTCGAAA
CAGACCACCAACACCATGGGTAACGTACTCTTCTTAACTTTATTGGCCACCCT
GGGCATCCCAGTACTTCAGGCCAGCCGGTGTACAATCACGGTAGGTATCTCC
TCCTACCACTCCAGCCCCTGCAGCCCAGCCCAGCCTTTATGTACCTGGGCCCT
CGACCTTGTGTCCATCACTAAGGACCAGCTCCTCTACCCCCCCTGCCAAAACC
TGATCACCTATTCCAACTACCACAAGACCTACTCCCTGTATCTCTTCCCACAC
TGGGTACAAAAGCCACTCCGCCGGGGGCTTGGATACTACTCAGCCTCCTACT
CTGATCCTTGCTCCCTACAATGTCCCTACCTAGGAAGTCAATCATGGACTTGC
CCCTATACTGGCCCTGTCTCGAGCCCAACTTGGAGATTCTCCACAGATGTAAA
TTTCACCCAAGAAGTCAGCCGTGTCTCCCTAAAACTTCATTTCTCCAAATGTG
GTTCCTCCTTAACTCTGTTAATAGATGCCCCCGGTTACGATCCGCTGTGGTAC
CTCACATCCGAGCCTACTCAGGAACCCCCAACCCCTCCGCCACTAGTCAGCG
ACTCAGACCTAGAGCATGTCCTGACTCCTTCGGCCTCCTGGGCCTCCAAGATG
CTGACCCTCATCCACCTAACCTTGCAGAGCACCAACTATTCCTGTATGGTCTG
TATTGACCGCGCCAGCCTCTCTTCCTGGCACGTATTATACACTCCCAACATCT
CTAGTAATGCCCCCTCAAAACCCATCGTCCGCCCTTCCCTTGCCCTATCCGCC
CCGCGACCACAGCCCTTCCCCTGGACCCATTGCTATCAACCACAGGTGCAAG
CTGTAACCACCGCAAAGTGCAATAATTCCATCATACTTCCCCCATTTTCTCTC
TCTCCCTTGCCTGGTGCCCCTCTCACTAGGCGACGCCGGGCCGTCCCAGTGGC
GGTCTGGCTCGTTTCCGCTTTGGCCGCAGGGACAGGAATAGCAGGAGGTGTC
ACCGGGTCCTTATCCCTGGCCTCCAGTAGAAGTCTCCTGTCCGAAGTGGACA
AGGATATTTCCCACCTCACACGGGCCATTGTAAAAAACCACCAAAACATTCT
TCGAGTGGCCCAATATGCCGCCCAAAACAGGCGAGGGTTAGACCTCCTGTTC
TGGGAACAAGGGGGGCTGTGTAAAGCGATACAAGAACAATGCTGCTTCCTCA
ACATCAGCAATACCCATATTTCAGTCTTACAAGAGCGACCCCCTCTAGAAAC
TCGGGTAACTACTGGATGGGGCTTAAATTGGGATCTAGGACTCTCCCAGTGG
GCCCGTGAGGCTCTCCAGACTGGTATTACCCTTTTGGCCCTCCTTCTGTTAATC
ATCATCCTCGGGCCCTGCATTATTCGCCAGCTGCAAGCCCTCCCCCAGAGGCT
ACAGCAGCGACCTGACCAGTACCCTCTCCTCAACCCTGAGACCCCTTTATAAT
AACTCCGCCAATACACCCAACAGGTCCCCATGGTTGACCCCTCTACCGTTCAC
CCACCCGCACTCCGCTAGACCTGACGAGTCCCCCCATATGTCCAAAGTCTGTT
CCAAGCCAGCTGATAACCGAAATAATTCTCCTAAGTTATGGTTACATTCCTCC
TCCAGATCCTTCCTTTCCTTCTCTAATACATCAATATAGCCTTGCAACAAGTC
ACAATACCCCTCAAACCCCAGCAGGTCCATGCACTTCCGTTGTTGATGACGC
GCCTCTCTCTCCTTGCGCTTCCTCTCCCTCTCCTGCAATCGCTCCCTCCGCCGC
GCCTCCTTTTCCTCCTGTTCTCGCAGGAGCCGCTGAATCTCCGCCTGCTCGTCC
ACCAGGGCCCTCAGGCGAGACTTCCGGGTACCATCATTGGCGCCTCCCGACC
CCAGGGGGCGGCCTTTGCGCGCACGACGAGCGCCGCTACCAGGCATCTCCTC
TGGTGTTGAGACCTTCTTTGCCCGATCCTCTGATGATAACCCCCTAAAAAATT
CTATAAAAAATTCCCCGTTATTTTTTTCAGCCCACTTCCCAGGATTCGGGCAG
AGCCTCCTCTATGGATACCCCGTCTATGTGTTTGGCGATTGTGTTCAAGCCGA
TTGGTGCCCCATCTCCGGTGGATTATGCTCCCCCCGCCTACATCGCCACGCCC
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FIG. 10D

TCCTGGCCACCTGCCCCOGAGCACCAGATCACCTGGGACCCCATCGATGGACG
AGTTGTCGGCTCGCCTCTCCAATACCTTATCCCTCGCCTCCCCTCCTTCCCCAC
CCAACGAACCTCCAAGACCCTCAAAGTCCTTACCCCACCAACCACTCCTAGTC
ACCCCCAAGGTTCCACCCTCCTTCTTTCAGTCCGTGCGGAGGCACAGCCCCTA
CCGCAACGOGATGTCTTGAAACAACCCTTGGAGAGCAGCTCCCCTCCCTTGCA
TTTCCTGAGCCAGGCCTCAGGCCCCAAAACGTCTACACCATCTGGGGAAAGA
CCATAGTGTGTCTATACATCTACCAGCTGTCCCCTCCCATGACCTGGCCCCTC
ATTCCCCATGTCATATTTTGCAACCCCAGGCAGCTTGGCGCTTTTCTAAGCAA
TGTGCCCCCCAAGCGATTAGAAGAACTCCTCTACAAACTTTATCTACACACCG
GCGCCATAATCATCCTGCCGGAAGACGCCCTGCCTACCACCCTATTTCAGCCT
GTTCGAGCACCCTGTGTCCAAACTACCTGGAACACAGGACTTCTCCCATACC
AGCCAAACCTGACTACCCCTGGCCTGATATGGACCTTTAATGATGGGTCTCCT
ATGATTTCAGGACCTTGCCCTAAGGCAGGGCAGCCATCCTTGGTAGTACAGT
CCTCACTACTAATCTTCGAGAGATTTCAAACCAAAGCCTATCATCCCTCTITAC
CTCCTCTCCCACCAATTGATACAGTATTCCTCCTTCCATCACCTCTACTTACTC
TTTGATGAATATACTACTATCCCCTTCTCTCTACTATTTAAGGAAAAAGAGGG
AGATGACAGGGACAACGACCCTCTCCCAGGGGCGACAGCAAGCCCCCAAGG
ACAAAACTAGCAGGGACTAGTCATCAGCCAAAAAGGTCAACTGTCTCACACA
AATAAGGATCCGAAGGTTCTGACGTCCCAGCCCAGCCTCAAAACCAGGAAAT
CCATAGAAATGCACCTCGCCCTTACCCACTTCCCCTATCATGAAAAACAAAG
GCTGTGACGACTACCCCCTTCCCCAAAAAATTTGCTTAAACCATCAATAAAG
ACAGCCTAGCCTATATAAGCATGAGGATGGTTCAGGAGGGGGCTCGCTCTCT
TGCCGATCGCCCTGCTCACCTCGAGTGTCCATCTCCTGGTCAATCAGTTGAGA
CGCCGCCGGCTGCCGGTCTCCTGGTTGTCGCACCTCCTGAACCACCCCTTGGG
TAAGTCCCCCCTTGGTCCGAGCTTGGCTACAGTTTCTGTAGTCGCTCCCAGGG
AAGTCTCCGAGACTGCCCAAGCCTCTGCTTGCAAGGCTACGGCCCTCCACCC
CTCTTCCGCGTCCGTGTTAATCTCTTCGCGCCAACCGAAAACGAAAGCGCCTC
CAGCTCTCTTGGCCCGGGGCCAGGCCTGAGCCGCGCGGGCGCACCACCTTAA
GCCCGCTGTACTCAAACCCCTCCGGGAGGGGCCCTTTACAGTAGGCGCCCGT
CCCCCCGGGGGAAACATACA
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PRIMATE T-LYMPHOTROPIC VIRUSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a divisional of U.S. application Ser. No. 12/829,
125, filed Jul. 1, 2010, issued as U.S. Pat. No. 8,541,221 on
Sep. 24, 2013, which is a continuation of U.S. patent
application Ser. No. 11/678,596, filed Feb. 24, 2007, issued
as U.S. Pat. No. 7,794,998 on Sep. 14, 2010, which is a
continuation-in-part of International Application No. PCT/
US2006/005869, filed Feb. 21, 2006, which claims the
benefit of U.S. Provisional Application No. 60/654,484, filed
on Feb. 21, 2005. Each of these prior applications is incor-
porated herein by reference.

ACKNOWLEDGEMENT OF GOVERNMENT
SUPPORT

Aspects of this invention were made with United States
government support. Therefore, the government has certain
rights in the invention.

FIELD

Disclosed are compositions and methods related to the
isolation and identification of the primate T-lymphotropic
viruses, HTLV-3 and HTLV-4. The present disclosure also
relates to vectors and vaccines for use in humans against
infection and disease.

BACKGROUND

Primate T-lymphotropic viruses (PTLVs) are diverse del-
taretroviruses, composed of 3 distinct species (PTLV-1, -2,
-3) which by conventional nomenclature are named ‘STLV”
(simian T-lymphotropic virus) when found in non-human
primates (NHPs) and ‘HTLV’ (human T-lymphotropic virus)
when found in humans, regardless of suspected zoonotic
origin (Mahieux et al. 1998; Salemi et al. 1999; Slattery et
al. 1999; Courgnaud et al. 2004). Like HIV, HTLV has the
potential to cause disease and circulate globally in humans
sexually, from mother-to-child, and by exposure to contami-
nated blood from transfusions and intravenous drug use.
HTLV-1 causes adult T-cell leukemia and HTLV-1-associ-
ated myelopathy/tropical spastic paraperesis (HAM/TSP)
and other inflammatory diseases (Gessain & Mahieux 2000)
and HTLV-2 has been associated with a neurologic disease
similar to HAM/TSP (Araujo & Hall 2004). There has been
no evidence to date of STLVs crossing into people occupa-
tionally exposed to NHPs in laboratories and primate cen-
ters, as has been documented with other primate retrovi-
ruses, including simian immunodeficiency virus (SIV)
(Khabbaz et al. 1994), simian foamy virus (SFV) (Switzer et
al. 2004, Heneine et al. 1998), and simian type D retrovirus
(Lerche et al. 2001). Nevertheless, ongoing zoonotic trans-
mission of STLV to widespread human populations natu-
rally exposed to NHPs through hunting or butchering, simi-
lar to that recently reported for SFV in African hunters
(Wolfe et al. 2004b), would be of particular public health
significance due to the transmissible and pathogenic nature
of'this group of viruses among humans. HTLV outside of the
PTLV-1 and PTLV-2 groups has not previously been docu-
mented (Busch et al. 2000; VanDamme et al. 1997; Salemi
et al. 1999; Slattery et al. 1999).

SUMMARY

Disclosed herein are compositions and methods that
include the full and partial nucleic acid sequences of primate
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T-lymphotropic viruses known as HTLV-3 and HTLV-4,
including viral fragments. These viruses are useful as
reagents for the screening of human populations for the
prevalence of such viruses. The disclosed viruses also can
serve as vectors in gene therapy because the viruses appear
to not be transmitted from humans to other humans. Addi-
tionally, the disclosed viruses can be used as reagents in
pathogenicity studies of these and related viruses. Moreover,
the sequences of the primate T-lymphotropic viruses
described herein can be used as probes to detect virus in
biological samples. Vectors are disclosed that express the
HTLV-3 and HTLV-4 nucleic acid sequences, and include,
but are not limited to, prokaryotic, eukaryotic and viral
vectors. The disclosed viruses also can be used as live
recombinant virus vaccines. Additionally, the disclosed
viruses can be used as replicating viral systems to kill live
dividing cells, either in vitro or in vivo.

The present disclosure also includes the isolation and
characterization of primate T-lymphotropic viruses, HTLV-3
and HTLV-4, that are believed to have been transmitted from
non-human primates to humans at some point in the past.
The primate T-lymphotropic viruses described herein do not
appear to be readily transmitted from human to human, and
can be used in protocols for diagnosing primate T-lympho-
tropic virus infections, and as vectors in gene therapy
procedures.

Compositions are provided that include live replicating
retroviral vectors, wherein the vector is derived from a
primate T-lymphotropic virus, and wherein the vector also
includes a nucleic acid that encodes a primate T-lymphotro-
pic virus peptide, polypeptide, or protein, or a fragment of
a primate T-lymphotropic virus peptide, polypeptide, or
protein. For example, the vector can be derived from an
HTLV-3 or HTLV-4 virus. Thus, in one aspect, a composi-
tion is provided that includes live replicating primate T-lym-
photropic virus vectors.

Also provided is a method of treating a subject with a
condition, wherein the condition is a viral infection, bacte-
rial infection, parasitic infection, proliferative disorder (e.g.,
cancer), or a condition associated with a genetic or autoim-
mune disorder. The method includes administering to the
subject a live replicating viral vector, wherein the immuniz-
ing construct is specific for the condition.

Also provided is a method of preventing a condition in a
subject, wherein the condition can be a viral infection,
bacterial infection, parasitic infection, proliferative disorder,
or a condition associated with a genetic or autoimmune
disorder. The method includes administering to the subject a
live replicating viral vector, wherein the antigen-encoding
nucleic acid is specific for the condition. Also provided are
methods of using the vectors, isolated viruses, and/or infec-
tious clones described herein for making viral infection
models and using models to study diseases and potential
treatments, as well as the models themselves.

Also disclosed are methods and compositions for detect-
ing primate T-lymphotropic virus or a protein encoded
therein in biological fluids. The disclosure also encompasses
antibodies specific for the primate T-lymphotropic virus and
antibodies that inhibit the binding of antibodies specific for
the primate T-lymphotropic virus. These antibodies can be
polyclonal antibodies or monoclonal antibodies, which also
includes fragments of any type of antibody. Thus, disclosed
are antibodies to HTLV-3 or HTLV-4. The antibodies spe-
cific for the primate T-lymphotropic virus can be used in
diagnostic kits to detect the presence and quantity of primate
T-lymphotropic virus in biological fluids or in organs from
nonhuman primates for xenotransplantation. For example,
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an HTLV-3 antibody can be used in a diagnostic kit to detect
HTLV-3. Antibodies specific for primate T-lymphotropic
virus may also be administered to a human or animal to
passively immunize the human or animal against primate
T-lymphotropic virus, thereby reducing infection, for
instance after accidental exposure to nonhuman primate
bodily fluids.

Other embodiments of the disclosure are methods and kits
for detecting the presence and quantity of antibodies that
bind primate T-lymphotropic virus, for example in body
fluids. Such kits can be used for the detection of primate
T-lymphotropic virus itself, or for the detection of antibodies
to the primate T-lymphotropic virus, and also can be used to
monitor the blood supply for the presence of primate T-lym-
photropic virus. The disclosed kits include, for example, a
kit for the detection of antibodies to HTLV-3 or HTLV-4.

Also included in the disclosure are recombinant live virus
vaccines. The virus of the present disclosure has areas of its
genome that make it useful for the insertion of exogenous
genes. The inserted gene(s) can code for any protein for
which vaccination or gene therapy is desired. A useful aspect
of such recombinant live viruses is that the recombinant
HTLV-3 or HTLV-4 does not cause disease in the host
organism. The recombinant live virus vaccines of the present
disclosure are a safe way to provide antigen to the immune
system.

Accordingly, provided is a composition comprising a
primate T-lymphotropic virus, or a fragment of the viral gene
or the encoded protein. An example of the disclosed primate
T-lymphotropic virus includes, but is not limited to HTLV-3
and HTLV-4. Also provided is a method of detecting a
primate T-lymphotropic virus, such as HTLV-3 or HTLV-4.

Also provided are methods and compositions for detect-
ing the presence and amount of primate T-lymphotropic
virus in a body fluid or organ. Further embodiments are
compositions and methods for treating genetic and physi-
ologic disorders using gene therapy techniques that include
the primate T-lymphotropic virus of the present disclosure as
a vector for nucleic acid sequences and antisense sequences.

Further embodiments include providing compositions and
methods useful for manipulating the expression of genes,
providing vaccines, providing compositions and methods for
treating viral infections in humans or animals, providing
compositions and methods that are effective in treating
genetic diseases, and providing a method of treating micro-
bial infections in humans or animals. Yet still other embodi-
ments include providing for treatments of conditions that are
caused in part by rapidly dividing cellular growth, providing
live recombinant virus vaccines, and providing diagnostic
tools such as antibodies or antigens for the monitoring of the
blood supply or organ and tissue donation for the presence
of primate T-lymphotropic virus.

These and other features and advantages will become
apparent after a review of the following detailed description
of the disclosed embodiments and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate several embodi-
ments and, together with the description, illustrate the dis-
closed compositions and methods.

FIG. 1 is a digital image showing the Western blot
serological pattern of Human T-cell lymphotropic virus
(HTLV) infected African hunters. HTLV classification based
on phylogenetic analyses is provided above specimen
names. Reactivity to HTLV-specific proteins is indicated on
left.
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FIGS. 2A-2E show the phylogenetic relationships of
primate T-cell lymphotropic virus polymerase (FIG. 2A)
PTLV pol (662-bp), (FIG. 2B) PTLV env (297-bp), (FIG.
2C) PTLV tax (730-bp), (FIG. 2D) PTLV-3 long terminal
repeat (LTR) (398-bp), and (FIG. 2E) PTLV pol-env-tax
region (5258-bp) sequences by neighbor joining analysis.
Sequences generated in the current study are noted with
boxes. Nonhuman primate taxon codes are provided in the
Methods portion of the Examples section of the specifica-
tion. Support for the branching order was determined by
1,000 bootstrap replicates, and only values 60% or greater
are shown. Branch lengths are proportional to the evolu-
tionary distance (scale bar) between the taxa.

FIG. 3 shows the phylogenetic relationships of PTLV type
1 LTR (377-bp) sequences by neighbour joining analysis.
Sequences generated in the current study are noted with
boxes. Nonhuman primate taxon codes are provided in the
Methods portion of the Examples section of the specifica-
tion. Support for the branching order was determined by
1,000 bootstrap replicates and only values 60% or greater
are shown. Branch lengths are proportional to the evolu-
tionary distance (scale bar) between the taxa.

FIG. 4 shows the strategy for PCR-amplitying the entire
HTLV-3(2026ND) genome. Small proviral sequences were
first amplified in each major gene region and the long
terminal repeat (stippled bars) using generic primers as
described in the Methods portion of the Examples section of
the specification. The complete proviral sequence was then
obtained by using PCR primers located within each major
gene region by genome walking as indicated with arrows
and orange bars. The typical HTLV-1 genomic organization
is provided for reference.

FIG. 5A shows the nucleotide sequence of the HTLV-3
(2026ND) LTR and pre-gag region (nucleotides 1-755 of
SEQ ID NO: 36). The U3-R-US5 locations (vertical lines), the
approximate cap site (cap), the polyadenylation signal,
TATA box, the predicted splice donor site (sd-LTR), and two
21-bp repeats are indicated. In the R and US regions, the
predicted Rex core elements and nuclear riboprotein Al
binding sites are underlined. The pre-gag region and primer
binding site (PBS, underlined) are in italics. FIG. 5B shows
the plot of predicted RNA stem loop secondary structure of
HTLV-3(2026ND) LTR region (nucleotides 421-464 of SEQ
ID NO: 36). Position of the Rex responsive element
(RexRE) core is indicated.

FIG. 6 shows the amino acid sequence of HTLV-3 Tax
(SEQ ID NO: 50). Shown in boxes are known functional
motifs: NLS, nuclear localization signal, (CBP)/P300,
cAMP response element (CREB) binding protein; NES,
nuclear export signal; CR2, C-terminal transcriptional acti-
vating domain binding; PDZ.

FIG. 7 shows the amino acid sequence of a basic leucine
zipper (bZIP) transcription factor from HTLV-3 (SEQ ID
NO: 84). Arginine rich and leucine zipper regions of the
bZIP protein are boxed.

FIGS. 8A-8D show the phylogenetic relationship of
HTLV-3(2026ND) to other PTLVs (FIG. 8A) entire genome
sans long terminal repeat (LTR), (FIG. 8B) gag, (FIG. 8C),
polymerase (pol), and (FIG. 8D) envelope (env). Sequences
generated in the current study are shown in boxes. Support
for the branching order was determined by 1,000 bootstrap
replicates; only values of 60% or more are shown. Branch
lengths are proportional to the evolutionary distance (scale
bar) between the taxa.

FIG. 9 shows the estimated divergence dates for the most
recent common ancestor of HTLV-3(2026ND) and other
PTLVs. Divergence dates are provided for each major node
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of a neighbour-joining tree rooted with PTLV-1 as the
outgroup; estimates are provided as ranges using as calibra-
tion points 40,000 and 60,000 years ago (YA) as the sepa-
ration of the Melanesisan HTLV-1 (MELS) sequence from
other PTLV-1 strains. Bootstrap analysis of 1000 replicates
is shown on the tree branches; only values >60% are shown.

FIGS. 10A-10D show the full-length genomic sequence
of HTLV-4(1863LE) (SEQ ID NO: 81).

FIG. 11 shows the plot of predicted RNA stem loop
secondary structure of the HTLV-4(1863LE) LTR region.
Position of the Rex responsive element (RexRE) core is
indicated (nucleotides 425-466 of SEQ ID NO: 81).

FIG. 12 shows the phylogenetic relationships of PTLV
full-length genomic sequences, including full-length
genomic HTLV-3 and HTLV-4. These findings confirm the
genetic relationships found earlier that were based on
smaller sequences. Four major phylogroups were inferred
with very high bootstrap support. Nonhuman primate taxon
codes are provided in the Methods portion of the Examples
section of the specification. Support for the branching order
was determined by 1,000 bootstrap replicates and only
values 60% or greater are shown. Branch lengths are pro-
portional to the evolutionary distance (scale bar) between
the taxa.

FIG. 13 shows the estimated divergence dates for the most
recent common ancestor of HTLV-3(2026ND), HTLV-4
(1863LE) and other PTLVs. Divergence dates are provided
for each major node of a neighbor-joining tree rooted with
PTLV-1 as the outgroup; estimates are provided as ranges
using as calibration points 40,000 and 60,000 years ago
(YA) as the separation of the Melanesisan HTLV-1 (MELS)
sequence from other PTLV-1 strains. Using the bovine
leukemia virus (BLV) as an outgroup, a substitution rate of
8.6x1077 to 1.3x107° substitutions/site/year for PTLV was
inferred which is 3 logs lower than that seen in HIV,
confirming the genetic stability of these deltaretroviruses.
Bootstrap analysis of 1,000 replicates is shown on the tree
branches; only values >60% are shown.

DETAILED DESCRIPTION

Before the present compounds, compositions, articles,
devices, and/or methods are disclosed and described, it is to
be understood that they are not limited to specific synthetic
methods or specific recombinant biotechnology methods
unless otherwise specified, or to particular reagents unless
otherwise specified, as such may, of course, vary. It is also
to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is
not intended to be limiting.

1. Terms

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a pharmaceutical carrier” includes
mixtures of two or more such carriers, and the like.
Ranges can be expressed herein as from “about” one
particular value, and/or to “about” another particular value.
When such a range is expressed, another embodiment
includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another embodi-
ment. It will be further understood that the endpoints of each
of the ranges are significant both in relation to the other
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endpoint, and independently of the other endpoint. It is also
understood that there are a number of values disclosed
herein, and that each value is also herein disclosed as
“about” that particular value in addition to the value itself.
For example, if the value “10” is disclosed, then “about 10”
is also disclosed. It is also understood that when a value is
disclosed that “less than or equal to” the value, “greater than
or equal to the value” and possible ranges between values
are also disclosed, as appropriately understood by the skilled
artisan. For example, if the value “10” is disclosed the “less
than or equal to 10” as well as “greater than or equal to 10”
is also disclosed. It is also understood that throughout the
document, data are provided in a number of different for-
mats, and that this data, represents endpoints and starting
points, and ranges for any combination of the data points.
For example, if a particular data point “10” and a particular
data point 15 are disclosed, it is understood that greater than,
greater than or equal to, less than, less than or equal to, and
equal to 10 and 15 are considered disclosed as well as
between 10 and 15.

“Optional” or “optionally” means that the subsequently
described event or circumstance may or may not occur, and
that the description includes instances where said event or
circumstance occurs and instances where it does not.

“Primers” are a subset of probes which are capable of
supporting some type of enzymatic manipulation and which
can hybridize with a target nucleic acid such that the
enzymatic manipulation can occur. A primer can be made
from any combination of nucleotides or nucleotide deriva-
tives or analogs available in the art which do not interfere
with the enzymatic manipulation.

“Probes” are molecules capable of interacting with a
target nucleic acid, typically in a sequence specific manner,
for example through hybridization. The hybridization of
nucleic acids is well understood in the art and discussed
herein. Typically a probe can be made from any combination
of' nucleotides or nucleotide derivatives or analogs available
in the art.

Depending on context, the term “virus™ is understood to
include the infectious viral particle or the nucleic acid
contained therein, or both.

Throughout this application, various publications are ref-
erenced. The disclosures of these publications in their entire-
ties are hereby incorporated by reference into this applica-
tion in order to more fully describe the state of the art to
which this disclosure pertains. The references disclosed are
also individually and specifically incorporated by reference
herein for the material contained in them that is discussed in
the sentence in which the reference is relied upon.

II. Compositions

Disclosed are the components to be used to prepare the
disclosed compositions as well as the compositions them-
selves to be used within the methods disclosed herein. These
and other materials are disclosed herein, and it is understood
that when combinations, subsets, interactions, groups, etc. of
these materials are disclosed that while specific reference of
each various individual and collective combinations and
permutation of these compounds may not be explicitly
disclosed, each is specifically contemplated and described
herein. For example, if a particular HTLV-3 or HTLV-4 or
gene of the HTLV-3 or HTLV-4 such as gag, pol, env, LTR,
rex, and tax is disclosed and discussed and a number of
modifications that can be made are discussed, specifically
contemplated is each and every combination and permuta-
tion of HTLV-3 or HTLV-4 or genes of the HTLV-3 or
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HTLV-4 such as gag, pol, env, LTR, rex, and tax and the
modifications that are possible unless specifically indicated
to the contrary. Thus, if a class of molecules A, B, and C are
disclosed as well as a class of molecules D, E, and F and an
example of a combination molecule, A-D is disclosed, then
even if each is not individually recited each is individually
and collectively contemplated meaning combinations, A-E,
A-F, B-D, B-E, B-F, C-D, C-E, and C-F are considered
disclosed. Likewise, any subset or combination of these is
also disclosed. Thus, for example, the sub-group of A-E,
B-F, and C-E would be considered disclosed. This concept
applies to all aspects of this application including, but not
limited to, steps in methods of making and using the
disclosed compositions. Thus, if there are a variety of
additional steps that can be performed it is understood that
each of these additional steps can be performed with any
specific embodiment or combination of embodiments of the
disclosed methods.

Furthermore, although the disclosed nucleic acid
sequences are represented as DNA sequences, it is under-
stood that the equivalent RNA sequences also are contem-
plated. For instance, if a DNA sequence contains a thymine,
it is understood that a uracil also can be substituted.

Disclosed herein are compositions relating to primate
T-lymphotropic viruses HTLV-3 (SEQ ID NO: 36) and
HTLV-4 (SEQ ID NOs: 53 and 81). It is understood and
herein contemplated that the compositions of the disclosure
can comprise the entire HTTV-3 or HTLV-4 virus nucleic
acid sequence. It is also understood that the disclosed
compositions can comprise proteins of the disclosed primate
T-lymphocyte viruses or fragments of the disclosed proteins.
For example, specifically disclosed and herein contemplated
are compositions comprising SEQ ID NOs: 1, 3, 5, 35, 45,
47, 49, 51, and 52, or any combination thereof. Also
disclosed are compositions comprising SEQ ID NOs: 2,4, 6,
59, 61, and 63 or any combination thereof. Also disclosed
are compositions comprising SEQ ID NOs: 37, 40, 44, 46,
48, and 50 or any combination thereof. Also disclosed are
compositions comprising SEQ 1D NOs: 54, 57, 58, 60, and
62 or any combination thereof. Also disclosed are compo-
sitions comprising fragments of the disclosed proteins. Thus,
for example are compositions comprising SEQ ID NOs: 38,
39, 41, 42, and 43 or any combination thereof. Also dis-
closed are compositions comprising SEQ ID NOs: 55 and
56. It is understood and herein contemplated that any of the
disclosed proteins can be used in combination with any of
the protein fragments in the compositions disclosed herein.
Thus, for example, disclosed herein are compositions com-
prising SEQ ID NOs: 37, 38, 39, 40, 41, 42, 43, 44, 46, 48,
and 50 or any combination thereof. Also disclosed are SEQ
ID NOs: 54, 55, 56, 57, 58, 60, and 62 or any combination
thereof. SEQ ID NOs 1-6, 35, and 45 can be used for all the
molecular biological techniques known to those skilled in
the art. Such uses include, but are not limited to, generation
of probes and vectors containing the sequences, antisense
sequences derived from such sequences, and proteins syn-
thesized using the sequences. RNA and other nucleic acid
derivatives are contemplated by the present disclosure.

It is understood that there are known viruses in the art that
based on certain genomic or sequence similarity or taxo-
nomically related to the viruses disclosed herein. It is also
understood that the known viruses in the art thought related
taxonomically do not encode the specific viruses disclosed
herein. Thus specifically disclosed and herein contemplated
are isolated primate T-lymphotropic viruses having a pol
gene that has less than 63.5% identity to the pol gene of
HTLV-1, HTLV-2, STLV-2, and STLV-3, for example,
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HTLV-4. Also disclosed are isolated primate T-lymphotropic
viruses having a gag gene that has less than 69% identity to
the gag gene of HTLV-1, HTLV-2, STLV-2, and STLV-3, for
example, HTLV-3. Also disclosed are isolated primate
T-lymphotropic viruses having a pol gene that has less than
62% identity to the pol gene of HTLV-1, HTLV-2, STLV-2,
and less than 86% identity to the pol gene of STLV-3, for
example, HTLV-3. Similarly, the disclosed viruses can be
distinguished based on the genes encoded by the disclosed
viruses, and specifically the identity of said genes to the
corresponding genes of known viruses. Thus, specifically
disclosed are isolated primate T-lymphotropic viruses hav-
ing a LTR that has less than 41% identity to the LTR of
HTLV-1, HTLV-2 and STLV-3. Also disclosed are isolated
primate T-lymphotropic viruses having at least 92.8% iden-
tity to the nucleic acid SEQ ID NO: 1.

Also disclosed are isolated primate T-lymphotropic virus
having at least 92.5% identity to the nucleic acid SEQ ID
NO: 3. Also disclosed are primate T-lymphotropic viruses
having at least 94.2% identity to the nucleic acid SEQ ID
NO: 5. Also disclosed are primate T-lymphotropic viruses
having at least 91.5% identity to the nucleic acid SEQ ID
NO: 35. Also disclosed are isolated primate T-lymphotropic
viruses having at least 92.8% identity to the nucleic acid
SEQ ID NO: 1, at least 92.5% identity to the nucleic acid
SEQ ID NO: 3, and at least 94.2% identity to the nucleic acid
SEQ ID NO: 5.

HTLV-4 is a unique delta primate T-lymphotropic virus
that is distinct from all known PTLV lineages with 29-34.4%
and 18.3-25% nucleotide divergence in the conserved pol
and tax genes, respectively, a range of divergence similar to
that between PTLV-1, PTLV-2, and PTLV-3. This virus
formed a separate phylogenetic lineage with a long branch
length and significant bootstrap support in both the pol (FIG.
2a) and tax (FIG. 2¢) trees. Identical topologies were
obtained by using maximum likelihood analysis. Phyloge-
netic analyses combined with GenBank blast searches show
that this is the only known virus in this group. For these
reasons, this virus, which was designated HTLV-4, qualifies
as the first member of a group in the deltaretrovirus genus.
Following the guidelines of the International Committee on
Taxonomy of Viruses and pending formal classification,
primate T-lymphotropic virus 4 (PTLV-4) was proposed as
the name for this species, and PTLV-4(1863LE) as the
prototype strain. Due to the classification of the virus within
the family retroviridae, certain sequence similarity is
expected to exist with known retroviruses. It is understood
that the known viruses in the art thought to be related
taxonomically do not encode the specific viruses disclosed
herein. Thus, specifically disclosed and herein contemplated
are isolated primate T-lymphotropic viruses having at least
71.5% identity to the nucleic acid SEQ ID NO: 2. Also
disclosed are isolated primate T-lymphotropic viruses hav-
ing at least 73.5% identity to the nucleic acid SEQ ID NO:
4. Also disclosed are isolated primate T-lymphotropic
viruses having at least 82% identity to the nucleic acid SEQ
ID NO: 6. Also disclosed are isolated primate T-lymphotro-
pic viruses having at least 71.5% identity to the nucleic acid
SEQ ID NO: 2, at least 73.5% identity to the nucleic acid
SEQ ID NO: 4, and at least 82% identity to the nucleic acid
SEQ ID NO: 6.

Knowing the sequence for HTLV-3 and/or HTLV-4 allows
for various uses of the virus and viral sequences. The env
gene of HTLV-3 and/or HTLV-4 is necessary for primate
T-lymphotropic virus entry into animal cells. The genes of
the present disclosure are effective in permitting infection of
cells in a human host. Thus, for example, the env gene is
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used for uptake of foreign DNA by a wide range of human
cells. There has long been a need for vectors for getting
foreign nucleic acids into cells, both in vivo and in vitro. The
introduction of foreign or exogenous nucleic acids into cells
has been a technological hurdle for many gene therapy
applications and has now been solved by the virus and
sequences herein disclosed. The env sequences can be used
with any vector known to those skilled in the art, and with
any other genetic sequences of choice, to allow for entry of
the nucleic acids into the cells.

The recent advent of technology, and advances in the
understanding of the structure and function of many genes
makes it possible to selectively turn off or modify the
activity of a given gene. Alteration of gene activity can be
accomplished many ways. For example, oligonucleotides
that are complementary to certain gene messages or viral
sequences, known as “antisense” compounds, have been
shown to have an inhibitory effect against viruses. By
creating an antisense compound that hybridizes with the
targeted RNA message of cells or viruses the translation of
the message into protein can be interrupted or prevented. In
this fashion gene activity can be modulated.

The ability to deactivate specific genes provides great
therapeutic benefits. For example, it is possible to fight viral
diseases with antisense molecules that seek out and destroy
viral gene products. In tissue culture, antisense oligonucle-
otides have inhibited infections by herpes-viruses, influenza
viruses and the human immunodeficiency virus that causes
AIDS. It is also possible to target antisense oligonucleotides
against mutated oncogenes. Antisense technology also can
be used to regulate growth and development. However, in
order for the gene therapy to work, antisense sequences must
be delivered across cellular plasma membranes to the cyto-
sol.

Gene activity is also modified using sense DNA in a
technique known as gene therapy. Defective genes are
replaced or supplemented by the administration of “good” or
normal genes that are not subject to the defect. Instead of
being defective, the gene may have been deleted, thus
replacement therapy would provide a copy of the gene for
use by the cell. The administered normal genes can either
insert into a chromosome or may be present as extracellular
DNA and can be used to produce normal RNA, leading to
production of the normal gene product. In this fashion gene
defects and deficiencies in the production of a gene product
may be corrected.

Still further gene therapy has the potential to augment the
normal genetic complement of a cell. For example, one way
to combat HIV is to introduce into an infected person’s T
cells a gene that makes the cells resistant to HIV infection.
This form of gene therapy is sometimes called “intracellular
immunization.” Genetic material such as a polynucleotide
sequence may be administered to a mammal in a viral vector
to elicit an immune response against the gene product of the
administered nucleic acid sequence. Such gene vaccines
elicit an immune response in the following manner. First, the
viral vector containing the nucleic acid sequence is admin-
istered to a human or animal. Next, the administered
sequence is expressed to form a gene product within the
human or animal. The gene product inside the human or
animal is recognized as foreign material and the immune
system of the human or animal mounts an immunological
response against the gene product. The viruses disclosed
herein can be used as viral vectors to provide the foreign
nucleic acid sequences to the intracellular metabolic pro-
cesses.
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Additionally, gene therapy can be used as a method of
delivering drugs in vivo. For example, if genes that code for
therapeutic compounds can be delivered to endothelial cells,
the gene products would have facilitated access to the blood
stream. Additionally, cells could be infected with a retroviral
vector such as the present disclosure carrying nucleic acid
sequences coding for pharmaceutical agents that prevent
infection from occurring in the retrovirally infected cells.

The primate T-lymphotropic viruses of the present dis-
closure can also be used a safe and effective vaccine agent.
Genetic sequences for immunogenic proteins from a variety
of infectious agents can be incorporated into the primate
T-lymphotropic virus RNA. Once inside a cell, the gene
product is expressed and releases the immunizing peptide to
the body’s immune system. In another method, the disclosed
viruses can be used to immunize the body against cell
markers found on cancer or tumor cells. The genetic
sequence of the cancer cell marker is incorporated into the
primate T-lymphotropic virus RNA, and after infection with
the virus, the expressed gene product stimulates the immune
system. The subject’s immune system is used to remove the
cancerous cells, obviating the need for chemotherapeutic
methods.

Such treatment with HTLV-3 or HTLV-4 can be used for
any condition in which rapidly dividing cells provide an
aspect of the pathology of the condition. One such condition
is the presence of uncontrolled angiogenesis within the body.
Angiogenesis dependent diseases are well known in the art
and are caused in part by the rapid growth of blood vessels.
Another such condition is cancer or tumor growth. Cancer or
tumors include both solid tumors and other types. Infection
with the virus of the present disclosure, which can cause no
disease and does not affect the host systemically, is an
improvement over currently known treatments that involved
systemically administered agents. Such chemotherapeutic
agents kill rapidly dividing cells but also cause trauma to the
entire person. The dosages of such chemotherapeutic agents
must be titered between killing the cancer and killing the
subject.

In contrast, the cancer treatments disclosed are not as
harmful to the subject. The virus can either be administered
systemically or injected in situ into the tumor. The infected
cells are killed and tumor growth is stopped. The virus may
be administered in one treatment or in a series of treatments.

The HTLV-3 or HTLV-4 of the present disclosure can be
recombinantly modified to be selective for cellular receptors
on the tumor to make the virus even more specifically
targeted to just those cells. Additionally, the virus may have
altered promoter regions that can be selectively activated to
cause a productive infection. The combination of different
levels of control of the virus, both natural and recombi-
nantly-produced, are contemplated herein. A virus can be
made specific for attachment to only certain types of cellular
receptors, for those cells that are dividing, and will only
undergo replication if another exogenous promoter factor is
present. Viral infection by two or more individually defec-
tive viruses, that require factors or promoters supplied by
other primate T-lymphotropic viruses or any type of virus,
can provide for many levels of control of infection or
treatment of specific conditions.

The virus may be administered to the host, for cancer
treatment, gene therapy or vaccination by any methods
known to those skilled in the art. Such methods include but
are not limited to injection, inhalation, ingestion, topical
administration and implantation. The virus may be killed or
live, depending on the treatment considered.
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The antibodies disclosed herein can be used to detect the
presence of the disclosed viruses or viral particles. These
antibodies can be used in diagnostic or screening kits to
assess the presence of the virus. Additionally, the antibodies
can be used to screen organs from nonhuman primates that
may be used in humans. For instance, detection of the
presence of a virus that is transmitted from nonhuman
primates to humans is crucial in providing virus-free organs
for transplantation.

It is believed that the virus of the present disclosure,
comprising the isolates from HTLV-3, is the first definitive
isolation of an STLV-3-like primate T-lymphotropic virus
from persons exposed to nonhuman primates. This belief is
supported by the epidemiology data, the PCR and sequenc-
ing data and the serology data and the absence of such
reports in the literature. It is understood that HIV-1 and
HIV-2 used to be called HTLV-III and HTLV-IV before it
was known they were different types of viruses. Addition-
ally, the virus of the present disclosure comprising the
isolates from HTLV-4, are a new species in the delta primate
T-lymphotropic viruses.

II1. Vectors

Disclosed are live replicating human primate T-lympho-
tropic virus vectors suitable for human use comprising an
immunizing construct, wherein the immunizing construct is
inserted in nontranslated region between env and tax/rex.
The disclosed immunizing construct can be an antigen-
encoding nucleic acid.

Where reference is made to “antigen”-encoding nucleic
acid, it is understood that in the context of the disclosure
antigens encoded by the antigen-encoding nucleic acid can
include but are not limited to immunogenic or non-immu-
nogenic peptides, polypeptides, proteins, enzymes, cytok-
ines. These antigens can be non-human exogenous antigenic
sequences from viruses, bacteria, or parasites. The antigens
can also be antigenic endogenous human or human derived
sequences from a condition such as a cancer. Also, peptides
encoded by the antigen-encoding nucleic acid can include
non-antigenic sequences for the purposes of gene therapy.

In another embodiment of the present disclosure,
sequences of the disclosed primate T-lymphotropic viruses
can be used for other molecular biological applications.
Regions of the gag gene are important in packaging genetic
material. For example, the gag sequence or regions of the
sequence are incorporated into other vectors and direct the
packaging of the resultant genetic material for the particular
application desired, such as packaging recombinant
sequences to make altered infectious virions. Regions of the
pol gene are known to be critical for the stable integration of
foreign/viral DNA into the host genome. Vectors comprising
the pol gene sequences can be used to integrate any DNA
into a genome. The primate T-lymphotropic virus and
sequences of the present disclosure infect human cells, and
thus, these sequences are used with other foreign or exog-
enous sequences in humans in methods, including, but not
limited to, entry into cells, packaging, and insertion into the
genome. Additionally, methods of using the disclosed pri-
mate T-lymphotropic virus and other sequences of the pres-
ent disclosure are not limited to human cells, but all cells that
allow for infection or entry of the nucleic acids.

The present disclosure is directed to compositions and
methods comprising new primate T-lymphotropic viruses,
HTLV-3 and/or HTLV-4, particularly compositions and
methods for the sequences of the viral genome. The virus
was obtained from humans. The new virus of the present
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disclosure is an excellent vector for gene therapy and for
vaccination purposes. Additionally, the antibodies or other
detection methods for detecting the new virus are important
in detecting the presence of this and related viruses for
xenotransplantation. In addition, the disclosed primate
T-lymphotropic viruses can be used as reagents in pathoge-
nicity studies of these and related viruses. Moreover, the
sequences of the disclosed primate T-lymphotropic viruses
can be used as probes to detect virus in biological samples.
Vectors include but are not limited to prokaryotic, eukary-
otic and viral vectors.

Many new useful technologies have been developed that
use viral vectors and form the basis of medical therapies.
Examples of such technologies include, but are not limited
to, gene replacement, antisense gene therapy, in situ drug
delivery, treatment of cancer or infectious agents, and vac-
cine therapy. However, to be successful, these technologies
require an effective means for the delivery of the genetic
information across cellular membranes.

It is well-known in the art that vaccinations can be used
prophylactically for the prevention of infections as well as
therapeutically for the treatment of ongoing conditions.
Such infections or conditions can be but are not limited to
viral infections. Thus, also disclosed are vectors, wherein the
antigen-encoding nucleic acid is an antigen from a virus.
The viral antigen is selected from the group of viruses
consisting of Herpes simplex virus type-1, Herpes simplex
virus type-2, Cytomegalovirus, Epstein-Barr virus, Vari-
cella-zoster virus, Human herpesvirus 6, Human herpesvirus
7, Human herpesvirus 8, Variola virus, Vesicular stomatitis
virus, Hepatitis A virus, Hepatitis B virus, Hepatitis C virus,
Hepatitis D virus, Hepatitis E virus, SARS, Rhinovirus,
Coronavirus, Influenza virus A, Influenza virus B, Measles
virus, Polyomavirus, Human Papillomavirus, Respiratory
syncytial virus, Adenovirus, Coxsackie virus, Dengue virus,
Mumps virus, Poliovirus, Rabies virus, Rous sarcoma virus,
Yellow fever virus, Ebola virus, Marburg virus, Lassa fever
virus, Eastern Equine Encephalitis virus, Japanese Encepha-
litis virus, St. Louis Encephalitis virus, Murray Valley fever
virus, West Nile virus, Rift Valley fever virus, Rotavirus A,
Rotavirus B, Rotavirus C, Sindbis virus, Simian Immuno-
deficiency virus, Human T-lymphotropic virus type-1,
Human T-lymphotropic virus type-2, Primate T-lymphotro-
pic virus, Hantavirus, Rubella virus, Simian Immunodefi-
ciency virus, Human Immunodeficiency virus type-1,
Human Immunodeficiency virus type-2, and Simian Immu-
nodeficiency virus (SIV). Also disclosed are vectors,
wherein the antigen-encoding nucleic acid is SIV-GAG. The
art is replete with examples of viral antigens whose
sequences and methods of obtaining them are well known.

Vaccinations are also known for the prevention of bacte-
rial infections. Additionally, antibiotics are well-known in
the art for the treatment of various bacterial infections.
Herein contemplated and disclosed are vectors, wherein the
antigen-encoding nucleic acid is an antigen from a bacte-
rium. The bacterial antigen is selected from the group
consisting of M. tuberculosis, M. bovis, M. bovis strain
BCG, BCG substrains, M. avium, M intracellulare, M.
africanum, M. kansasii, M. marinum, M. ulcerans, M. avium
subspecies paratuberculosis, Nocardia asteroides, other
Nocardia species, Legionella pneumophila, other Legionella
species, Salmonella typhi, other Salmonella species, Shi-
gella species, Yersinia pestis, Pasteurella haemolytica, Pas-
teurella multocida, other Pasteurella species, Actinobacillus
pleuropneumoniae, Listeria monocytogenes, Listeria iva-
novii, Brucella abortus, other Brucella species, Cowdria
ruminantium, Chlamydia pneumoniae, Chlamydia tracho-
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matis, Chlamydia psittaci, Coxiella burnetti, other Rickett-
sial species, Ehrlichia species, Staphylococcus aureus,
Staphylococcus epidermidis, Streptococcus pyogenes, Strep-
tococcus agalactiae, Bacillus anthracis, Escherichia coli,
Vibrio cholerae, Campylobacter species, Neiserria menin-
gitidis, Neiserria gomnorrhea, Pseudomonas aeruginosa,
other Pseudomonas species, Haemophilus influenzae, Hae-
mophilus ducreyi, other Hemophilus species, Clostridium
tetani, other Clostridium species, Yersinia enterolitica, and
other Yersinia species. The art is replete with examples of
bacterial antigens whose sequences and methods of obtain-
ing them are well known.

Vaccinations are also known for the prevention of fungal
infections. Additionally, antibiotics are well-known in the art
for the treatment of various fungal infections. Herein con-
templated and disclosed are vectors, wherein the antigen-
encoding nucleic acid is an antigen from a fungus. The
fungal antigen can be selected from the group consisting of
Candida albicans, Cryptococcus neoformans, Histoplasma
capsulatum, Aspergillus fumigatus, Coccidiodes immitis,
Paracoccidiodes  brasiliensis, Blastomyces dermitidis,
Pneumocystis carinii, Penicillium marneffi, and Alternaria
alternate.

The vectors of the disclosure are not limited to fungi,
bacteria, and viruses. Also disclosed are vectors, wherein the
antigen-encoding nucleic acid is an antigen from a parasite.
The parasitic antigen can be selected from the group con-
sisting of Toxoplasma gondii, Plasmodium falciparum, Plas-
modium vivax, Plasmodium malariae, other Plasmodium
species, Trypanosoma brucei, Trypanosoma cruzi, Leishma-
nia major, other Leishmania species, Schistosoma mansoni,
other Schistosoma species, and Entamoeba histolytica. The
art is replete with examples of parasitic antigens whose
sequences and methods of obtaining them are well known.

There are instances wherein it is advantageous to admin-
ister the vector of the disclosure in a pharmaceutical com-
position that comprises other vaccines. Pharmaceutical com-
positions comprising multiple vaccines can be for
therapeutic or prophylactic purposes. Examples of such
compositions include the mumps, measles, rubella (MMR)
vaccine, and vaccines against M. tuberculosis, M. bovis, M.
bovis strain BCG, BCG substrains, M. avium, M. intracel-
lulare, M. africanum, M. kansasii, M. marvinum, M. ulcerans,
M. avium subspecies paratuberculosis, Nocardia asteroides,
other Nocardia species, Legionella pneumophila, other
Legionella species, Salmonella typhi, other Salmonella spe-
cies, Shigella species, Yersinia pestis, Pasteurella haemo-
Iytica, Pasteurella multocida, other Pasteurella species,
Actinobacillus pleuropneumoniae, Listeria monocytogenes,
Listeria ivanovii, Brucella abortus, other Brucella species,
Cowdria ruminantium, Chlamydia pneumoniae, Chlamydia
trachomatis, Chlamydia psittaci, Coxiella burnetti, other
Rickettsial species, FEhrlichia species, Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus pyo-
genes, Streptococcus agalactiae, Bacillus anthracis,
Escherichia coli, Vibrio cholerae, Campylobacter species,
Neiserria meningitidis, Neiserria gonorrhea, Pseudomonas
aeruginosa, other Pseudomonas species, Haemophilus influ-
enzae, Haemophilus ducreyi, other Hemophilus species,
Clostridium tetani, other Clostridium species, Yersinia
enterolitica, and other Yersinia species. Specifically contem-
plated and disclosed are pharmaceutical compositions com-
prising the vector of the disclosure and one or more addi-
tional vaccines. Also disclosed are instances in which the
vector comprises more than one antigen-encoding nucleic
acid. In such a situation, the vector will produce each antigen
encoded in the vector as a separate antigen.

30

35

40

45

14

There are instances in which a disclosed vector alone may
not be suitable for a given purpose (e.g., a kit designed to
screen potential drugs for the treatment of a condition, such
kit intended for use in laboratories without the capabilities to
transfect a cell-line with the vector). In such cases, cells
previously transfected with the vector of the disclosure are
needed. Thus, also disclosed are cells comprising the dis-
closed vectors.

In one embodiment, the antigen-encoding nucleic acid
can encode a non-antigenic sequence of DNA. This
sequence provides a functional copy of a disrupted, mutated,
disregulated or deleted gene. Examples of nucleic acids
encoding proteins that play a role in genetic disorders are
known in the literature relating to genetic disorders. Meth-
ods of making these cells are described and exemplified
herein and in the art.

The ability to detect the presence of a construct can be a
desirable feature of any vector. As such, vectors often
contain a marker to show that the construct of interest has
been delivered to the subject (e.g., in a cell), and once
delivered, is being expressed. A marker can take the form of
a gene that is detectable when expressed. Thus, also dis-
closed are vectors further comprising a reporter gene. One
example of a reporter gene is green fluorescence protein
(GFP).

IV. Delivery of the Compositions to Cells

There are a number of compositions and methods which
can be used to deliver nucleic acids to cells, either in vitro
or in vivo. These methods and compositions can largely be
broken down into two classes: viral based delivery systems
and non-viral based delivery systems. For example, the
nucleic acids can be delivered through a number of direct
delivery systems, such as electroporation, lipofection, cal-
cium phosphate precipitation, plasmids, viral vectors, viral
nucleic acids, phage nucleic acids, phages, cosmids, or via
transfer of genetic material in cells or carriers such as
cationic liposomes. Appropriate means for transfection,
including viral vectors, chemical transfectants, or physico-
mechanical methods such as electroporation and direct dif-
fusion of DNA, are described by, for example, Wolff, J. A.,
et al., Science, 247, 1465-1468, (1990); and Wolff, J. A.
Nature, 352, 815-818, (1991). Such methods are well known
in the art and readily adaptable for use with the compositions
and methods described herein. In certain cases, the methods
will be modified to specifically function with large DNA
molecules. Further, these methods can be used to target
certain diseases and cell populations by using the targeting
characteristics of the carrier.

V. Nucleic Acid Based Delivery Systems

Transfer vectors can be any nucleotide construction used
to deliver genes into cells (e.g., a plasmid), or as part of a
general strategy to deliver genes (e.g., as part of recombinant
retrovirus or adenovirus; Ram et al. Cancer Res. 53:83-88,
(1993)).

As used herein, plasmid or viral vectors are agents that
transport nucleic acids into the cell without degradation, and
include a promoter yielding expression of the gene in the
cells into which it is delivered. In some embodiments the
vectors are derived from either a virus or specifically a
retrovirus. Viral vectors can include for example, for
example, HTLV-1, HTLV-2, HTLV-3, HTLV-4, Adenovirus,
Adeno-associated virus, Herpes virus, Vaccinia virus, Polio
virus, AIDS virus, neuronal trophic virus, Sindbis and other
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RNA viruses, including these viruses with the HIV back-
bone. Also preferred are any viral families which share the
properties of these viruses which make them suitable for use
as vectors. Retroviruses include Murine Maloney Leukemia
virus, MMLYV, and retroviruses that express the desirable
properties of MMLYV as a vector. Retroviral vectors are able
to carry a larger genetic payload (e.g., a transgene or marker
gene) than other viral vectors, and for this reason are
commonly used vectors. However, they are not as useful in
non-proliferating cells. Adenovirus vectors are relatively
stable and easy to work with, have high titers, can be
delivered in aerosol formulation, and can transfect non-
dividing cells. Pox viral vectors are large, have several sites
for inserting genes, are thermostable, and can be stored at
room temperature. A preferred embodiment is a viral vector
which has been engineered so as to suppress the immune
response of the host organism, elicited by the viral antigens.
Preferred vectors of this type will carry coding regions for
Interleukin 8 or 10.

Viral vectors can have higher transaction (ability to intro-
duce genes) abilities than chemical or physical methods to
introduce genes into cells. Typically, viral vectors contain
nonstructural early genes, structural late genes, an RNA
polymerase III transcript, inverted terminal repeats neces-
sary for replication and encapsidation, and promoters to
control the transcription and replication of the viral genome.
When engineered as vectors, viruses typically have one or
more of the early genes removed and a gene or gene/
promoter cassette is inserted into the viral genome in place
of the removed viral DNA. Constructs of this type can carry
up to about 8 kb of foreign genetic material. The necessary
functions of the removed early genes are typically supplied
by cell lines which have been engineered to express the gene
products of the early genes in trans.

VI. Retroviral Vectors

Primate T-lymphotropic viruses are retroviruses. A retro-
virus is an animal virus belonging to the virus family of
Retroviridae, including any types, subfamilies, genus, or
tropisms. Retroviral vectors, in general, are described by
Verma, 1. M., Retroviral vectors for gene transfer, In Micro-
biology-1985, American Society for Microbiology, pp. 229-
232, Washington, (1985), which is incorporated by reference
herein. Examples of methods for using retroviral vectors for
gene therapy are described in U.S. Pat. Nos. 4,868,116 and
4,980,286; PCT applications WO 90/02806 and WO
89/07136; and Mulligan, (Science 260:926-932 (1993)); the
teachings of which are incorporated herein by reference.
Although the present primate T-lymphotropic virus vector is
unique, the methods described for using other types of viral
vectors can be useful in certain contexts. See for example
U.S. Pat. No. 5,646,032, which is incorporated herein for its
teaching of those methods.

A retrovirus is essentially a package which has packed
into it nucleic acid cargo. The nucleic acid cargo carries with
it a packaging signal, which ensures that the replicated
daughter molecules will be efficiently packaged within the
package coat. In addition to the package signal, there are a
number of molecules which are needed in cis, for the
replication, and packaging of the replicated virus. Typically
a retroviral genome contains the gag, pol, and env genes
which are involved in the making of the protein coat. It is the
gag, pol, and env genes which are typically replaced by the
foreign DNA that is to be transferred to the target cell.
Retrovirus vectors typically contain a packaging signal for
incorporation into the package coat, a sequence which
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signals the start of the gag transcription unit, elements
necessary for reverse transcription, including a primer bind-
ing site to bind the tRNA primer of reverse transcription,
terminal repeat sequences that guide the switch of RNA
strands during DNA synthesis, a purine rich sequence 5' to
the 3' LTR that serves as the priming site for the synthesis
of the second strand of DNA synthesis, and specific
sequences near the ends of the LTRs that enable the insertion
of the DNA state of the retrovirus to insert into the host
genome. The removal of the gag, pol, and env genes allows
for large fragments of foreign sequence to be inserted into
the viral genome, become reverse transcribed, and upon
replication, be packaged into a new retroviral particle. This
amount of nucleic acid is sufficient for the delivery of many
genes depending on the size of each transcript. It is prefer-
able to include either positive or negative selectable markers
along with other genes in the insert.

Since the replication machinery and packaging proteins in
most retroviral vectors have been removed (gag, pol, and
env), the vectors are typically generated by placing them
into a packaging cell line. A packaging cell line is a cell line
which has been transfected or transformed with a retrovirus
that contains the replication and packaging machinery, but
lacks any packaging signal. When the vector carrying the
DNA of choice is transfected into these cell lines, the vector
containing the gene of interest is replicated and packaged
into new retroviral particles, by the machinery provided in
cis by the helper cell. The genomes for the machinery are not
packaged because they lack the necessary signals.

A packaging cell line is a cell line which has been
transfected or transformed with a retrovirus that contains the
replication and packaging machinery, but lacks any pack-
aging signal. When the vector carrying the DNA of choice
is transfected into these cell lines, the vector containing the
gene of interest is replicated and packaged into new retro-
viral particles, by the machinery provided in cis by the
helper cell. The genomes for the machinery are not packaged
because they lack the necessary signals.

It is also understood that the pX region can be used to
construct a vector. The pX region is located between the end
of env and the beginning of Tax and contains small ORFs,
hence this is another good region for insertion of foreign
DNA in an HTLV genome based vector.

Disclosed are methods of detecting the expression of the
disclosed vectors comprising using a first antibody to the
antigen to measure protein expression in a quantitative or
qualitative way, and further comprising detecting the first
antibody directly via a colorimetric measurement produced
through the use of a substrate and a conjugated antibody or
indirectly via a first antibody to the antigen, which in turn is
bound by a second antibody that is conjugated and will result
in a colorimetric measurement when combined with a sub-
strate.

Also disclosed are methods wherein the antigen is
detected by placing an aliquot of the disclosed vector in a
lane on a gel and probing the gel for the antigen.

Some methods are methods of detecting the expression of
the disclosed vector using a fluorescently labeled first anti-
body specific for the antigen and visualizing the antigen
using a flow cytometer, fluorescence microscope, or chemi-
luminescence. In some embodiments, the first antibody is
not fluorescently labeled, but a target for a second antibody
with a fluorescent label.

Also disclosed are methods of detecting the expression of
a disclosed vector comprising using cytolytic killing assay to
assess activity, and methods of detecting the vector that
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further include obtaining a sample from a subject compris-
ing a tissue biopsy or removal of blood or bone marrow.

VII. Non-Nucleic Acid Based Systems

The disclosed compositions can be delivered to the target
cells in a variety of ways. For example, the compositions can
be delivered through electroporation, or through lipofection,
or through calcium phosphate precipitation. The delivery
mechanism chosen will depend in part on the type of cell
targeted and whether the delivery is occurring for example
in vivo or in vitro. In the methods described above which
include the administration and uptake of exogenous DNA
into the cells of a subject (e.g., gene transduction or trans-
fection), delivery of the compositions to cells can be via a
variety of mechanisms. As one example, delivery can be via
a liposome, using commercially available liposome prepa-
rations such as LIPOFECTIN, LIPOFECTAMINE (GIBCO-
BRL, Inc., Gaithersburg, Md.), SUPERFECT (Qiagen, Inc.
Hilden, Germany) and TRANSFECTAM (Promega Biotec,
Inc., Madison, Wis.), as well as other liposomes developed
according to procedures standard in the art. In addition, the
disclosed nucleic acid or vector can be delivered in vivo by
electroporation, the technology for which is available from
Genetronics, Inc. (San Diego, Calif.) as well as by means of
a SONOPORATION machine (ImaRx Pharmaceutical
Corp., Tucson, Ariz.).

The materials may be in solution or suspension (for
example, incorporated into microparticles, liposomes, or
cells). These may be targeted to a particular cell type via
antibodies, receptors, or receptor ligands. The following
references are examples of the use of this technology to
target specific proteins to tumor tissue (Senter et al., Bio-
conjugate Chem. 2:447-451, (1991); Bagshawe, K. D., Br. J.
Cancer 60:275-281 (1989); Bagshawe et al., Br. J. Cancer
58:700-703 (1988); Senter et al., Bioconjugate Chem. 4:3-9
(1993); Battelli et al., Cancer Immunol. Immunother.
35:421-425 (1992); Pietersz and McKenzie, Immunolog.
Reviews 129:57-80 (1992); and Roffler et al., Biochem.
Pharmacol. 42:2062-2065 (1991)). These techniques can be
used for a variety of other specific cell types. Vehicles such
as “stealth” and other antibody conjugated liposomes (in-
cluding lipid mediated drug targeting to colonic carcinoma),
receptor mediated targeting of DNA through cell specific
ligands, lymphocyte directed tumor targeting, and highly
specific therapeutic retroviral targeting of murine glioma
cells in vivo. The following references are examples of the
use of this technology to target specific proteins to tumor
tissue (Hughes et al., Cancer Research 49:6214-6220
(1989); and Litzinger and Huang, Biochimica et Biophysica
Acta 1104:179-187 (1992)). In general, receptors are
involved in pathways of endocytosis, either constitutive or
ligand induced. These receptors cluster in clathrin-coated
pits, enter the cell via clathrin-coated vesicles, pass through
an acidified endosome in which the receptors are sorted, and
then either recycle to the cell surface, become stored intra-
cellularly, or are degraded in lysosomes. The internalization
pathways serve a variety of functions, such as nutrient
uptake, removal of activated proteins, clearance of macro-
molecules, opportunistic entry of viruses and toxins, disso-
ciation and degradation of ligand, and receptor-level regu-
lation. Many receptors follow more than one intracellular
pathway, depending on the cell type, receptor concentration,
type of ligand, ligand valency, and ligand concentration.
Molecular and cellular mechanisms of receptor-mediated
endocytosis has been reviewed (Brown and Greene, DNA
and Cell Biology 10(6):399-409 (1991)).
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Nucleic acids that are delivered to cells which are to be
integrated into the host cell genome, typically contain inte-
gration sequences. These sequences are often viral related
sequences, particularly when viral based systems are used.
These viral integration systems can also be incorporated into
nucleic acids which are to be delivered using a non-nucleic
acid based system of deliver, such as a liposome, so that the
nucleic acid contained in the delivery system can be come
integrated into the host genome.

Other general techniques for integration into the host
genome include, for example, systems designed to promote
homologous recombination with the host genome. These
systems typically rely on sequence flanking the nucleic acid
to be expressed that has enough homology with a target
sequence within the host cell genome that recombination
between the vector nucleic acid and the target nucleic acid
takes place, causing the delivered nucleic acid to be inte-
grated into the host genome. These systems and the methods
necessary to promote homologous recombination are known
to those of skill in the art.

VIII. In Vivo/Ex Vivo Methods

As described above, the compositions can be adminis-
tered in a pharmaceutically acceptable carrier and can be
delivered to the subject’s cells in vivo and/or ex vivo by a
variety of mechanisms well known in the art (e.g., uptake of
naked DNA, liposome fusion, intramuscular injection of
DNA via a gene gun, endocytosis and the like).

If ex vivo methods are employed, cells or tissues can be
removed and maintained outside the body according to
standard protocols well known in the art. The compositions
can be introduced into the cells via any gene transfer
mechanism, such as, for example, calcium phosphate medi-
ated gene delivery, electroporation, microinjection or pro-
teoliposomes. The transduced cells can then be infused (e.g.,
in a pharmaceutically acceptable carrier) or homotopically
transplanted back into the subject per standard methods for
the cell or tissue type. Standard methods are known for
transplantation or infusion of various cells into a subject.

IX. Expression Systems

The nucleic acids that are delivered to cells typically
contain expression controlling systems. For example, the
inserted genes in viral and retroviral systems usually contain
promoters, and/or enhancers to help control the expression
of the desired gene product. A promoter is generally a
sequence or sequences of DNA that function when in a
relatively fixed location in regard to the transcription start
site. A promoter contains core elements required for basic
interaction of RNA polymerase and transcription factors,
and may contain upstream elements and response elements.

X. Viral Promoters and Enhancers

Preferred promoters controlling transcription from vec-
tors in mammalian host cells may be obtained from various
sources, for example, the genomes of viruses such as:
polyoma, Simian Virus 40 (SV40), adenovirus, retroviruses,
hepatitis-B virus and most preferably cytomegalovirus, or
from heterologous mammalian promoters, e.g. beta actin
promoter. The early and late promoters of the SV40 virus are
conveniently obtained as an SV40 restriction fragment
which also contains the SV40 viral origin of replication
(Fiers et al., Nature, 273:113 (1978)). The immediate early
promoter of the human cytomegalovirus is conveniently
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obtained as a HindIIl E restriction fragment (Greenway et
al., Gene 18:355-360 (1982)). Of course, promoters from the
host cell or related species also are useful herein. Such
preferred promoters are in the UTRs of HTLV.

Enhancer generally refers to a sequence of DNA that
functions at no fixed distance from the transcription start site
and can be either 5' (Laimins et al., Proc. Natl. Acad. Sci.
78:993 (1981)) or 3' (Lusky et al., Mol. Cell Bio. 3:1108
(1983)) to the transcription unit. Furthermore, enhancers can
be within an intron (Banerji et al., Cel/ 33:729 (1983)), as
well as within the coding sequence itself (Osborne et al.,
Mol. Cell Bio. 4:1293 (1984)). They are usually between 10
and 300 bp in length, and they function in cis. Enhancers
function to increase transcription from nearby promoters.
Enhancers also often contain response elements that mediate
the regulation of transcription. Promoters can also contain
response elements that mediate the regulation of transcrip-
tion. Enhancers often determine the regulation of expression
of a gene. While many enhancer sequences are now known
from mammalian genes (globin, elastase, albumin, fetopro-
tein and insulin), typically one will use an enhancer from a
eukaryotic cell virus for general expression. Preferred
examples are the SV40 enhancer on the late side of the
replication origin (bp 100-270), the cytomegalovirus early
promoter enhancer, the polyoma enhancer on the late side of
the replication origin, and adenovirus enhancers.

The promoter and/or enhancer may be specifically acti-
vated, for instance by light or specific chemical events which
trigger their function. Systems can be regulated by reagents
such as tetracycline and dexamethasone. There are also ways
to enhance viral vector gene expression by exposure to
irradiation, such as gamma irradiation, or alkylating chemo-
therapy drugs.

In certain embodiments the promoter and/or enhancer
region can act as a constitutive promoter and/or enhancer to
maximize expression of the region of the transcription unit
to be transcribed. In certain constructs the promoter and/or
enhancer region be active in all eukaryotic cell types, even
if it is only expressed in a particular type of cell at a
particular time. A preferred promoter of this type is the CMV
promoter (650 bases). Other preferred promoters are SV40
promoters, cytomegalovirus (full length promoter), and ret-
roviral vector LTR.

It has been shown that all specific regulatory elements can
be cloned and used to construct expression vectors that are
selectively expressed in specific cell types such as mela-
noma cells. The glial fibrillary acetic protein (GFAP) pro-
moter has been used to selectively express genes in cells of
glial origin.

Expression vectors used in eukaryotic host cells (yeast,
fungi, insect, plant, animal, human or nucleated cells) may
also contain sequences necessary for the termination of
transcription which may affect mRNA expression. These
regions are transcribed as polyadenylated segments in the
untranslated portion of the mRNA encoding tissue factor
protein. The 3' untranslated regions also include transcrip-
tion termination sites. It is preferred that the transcription
unit also contains a polyadenylation region. One benefit of
this region is that it increases the likelihood that the tran-
scribed unit will be processed and transported like mRNA.
The identification and use of polyadenylation signals in
expression constructs is well established. It is preferred that
homologous polyadenylation signals be used in the trans-
gene constructs. In certain transcription units, the polyade-
nylation region is derived from the SV40 early polyade-
nylation signal and consists of about 400 bases. It is also
preferred that the transcribed units contain other standard
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sequences alone or in combination with the above sequences
improve expression from, or stability of, the construct.

XI. Markers

The viral vectors can include nucleic acid sequence
encoding a marker product. This marker product is used to
determine if the gene has been delivered to the cell and once
delivered is being expressed. Preferred marker genes are the
E. ColilacZ gene, which encodes [-galactosidase, and green
fluorescent protein.

In some embodiments the marker is a selectable marker.
Examples of suitable selectable markers for mammalian
cells are dihydrofolate reductase (DHFR), thymidine kinase,
neomycin, neomycin analog G418, hygromycin, and puro-
mycin. When such selectable markers are successfully trans-
ferred into a mammalian host cell, the transformed mam-
malian host cell can survive if placed under selective
pressure. There are two widely used distinct categories of
selective regimes. The first category is based on a cell’s
metabolism and the use of a mutant cell line which lacks the
ability to grow independent of a supplemented media. Two
examples are: CHO DHFR-cells and mouse LTK-cells.
These cells lack the ability to grow without the addition of
such nutrients as thymidine or hypoxanthine. Because these
cells lack certain genes necessary for a complete nucleotide
synthesis pathway, they cannot survive unless the missing
nucleotides are provided in a supplemented media. An
alternative to supplementing the media is to introduce an
intact DHFR or TK gene into cells lacking the respective
genes, thus altering their growth requirements. Individual
cells which were not transformed with the DHFR or TK
gene will not be capable of survival in non-supplemented
media.

The second category is dominant selection which refers to
a selection scheme used in any cell type and does not require
the use of a mutant cell line. These schemes typically use a
drug to arrest growth of a host cell. Those cells that have a
novel gene would express a protein conveying drug resis-
tance and would survive the selection. Examples of such
dominant selection use the drugs neomycin, (Southern &
Berg, J. Molec. Appl. Genet. 1:327 (1982)), mycophenolic
acid, (Mulligan & Berg Science 209:1422 (1980)) or hygro-
mycin, (Sugden et al., Mol. Cell. Biol. 5:410-413 (1985)).
The three examples employ bacterial genes under eukaryotic
control to convey resistance to the appropriate drug G418 or
neomycin (geneticin), xgpt (mycophenolic acid) or hygro-
mycin, respectively. Others include the neomycin analog
G418 and puromycin.

XII. Sequence Similarities

It is understood that as discussed herein the use of the
terms homology and identity mean the same thing as simi-
larity. Thus, for example, if the use of the word homology is
used between two non-natural sequences it is understood
that this is not necessarily indicating an evolutionary rela-
tionship between these two sequences, but rather is looking
at the similarity or relatedness between their nucleic acid
sequences. Many of the methods for determining homology
between two evolutionarily related molecules are routinely
applied to any two or more nucleic acids or proteins for the
purpose of measuring sequence similarity regardless of
whether they are evolutionarily related or not.

In general, it is understood that one way to define any
known variants and derivatives or those that might arise, of
the disclosed genes and proteins herein, is through defining
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the variants and derivatives in terms of homology to specific
known sequences. This identity of particular sequences
disclosed herein is also discussed elsewhere herein. In
general, variants of genes and proteins herein disclosed
typically have at least, about 70, 71, 72, 73, 74, 75, 76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, or 99 percent homology to the stated
sequence or the native sequence. Those of skill in the art
readily understand how to determine the homology of two
proteins or nucleic acids, such as genes. For example, the
homology can be calculated after aligning the two sequences
so that the homology is at its highest level.

Another method of calculating homology can be per-
formed by published algorithms. Optimal alignment of
sequences for comparison may be conducted by the local
homology algorithm of Smith & Waterman Adv. Appl. Math.
2:482 (1981), by the homology alignment algorithm of
Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the
search for similarity method of Pearson & Lipman, Proc.
Natl. Acad. Sci. U.S.A. 85:2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Dr., Madi-
son, Wis.), or by inspection.

The same types of homology can be obtained for nucleic
acids by for example the algorithms disclosed in Zuker
Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci.
US4 86:7706-7710, 1989, and Jaeger et al. Methods Enzy-
mol. 183:281-306, 1989, which are herein incorporated by
reference for at least material related to nucleic acid align-
ment. It is understood that any of the methods typically can
be used and that in certain instances the results of these
various methods may differ, but the skilled artisan under-
stands if identity is found with at least one of these methods,
the sequences would be said to have the stated identity, and
be disclosed herein.

For example, as used herein, a sequence recited as having
a particular percent homology to another sequence refers to
sequences that have the recited homology as calculated by
any one or more of the calculation methods described above.
For example, a first sequence has 80 percent homology, as
defined herein, to a second sequence if the first sequence is
calculated to have 80 percent homology to the second
sequence using the Zuker calculation method even if the first
sequence does not have 80 percent homology to the second
sequence as calculated by any of the other calculation
methods. As another example, a first sequence has 80
percent homology, as defined herein, to a second sequence
if the first sequence is calculated to have 80 percent homol-
ogy to the second sequence using both the Zuker calculation
method and the Pearson and Lipman calculation method
even if the first sequence does not have 80 percent homology
to the second sequence as calculated by the Smith &
Waterman calculation method, the Needleman & Wunsch
calculation method, the Jaeger calculation methods, or any
of the other calculation methods. As yet another example, a
first sequence has 80 percent homology, as defined herein, to
a second sequence if the first sequence is calculated to have
80 percent homology to the second sequence using each of
calculation methods (although, in practice, the different
calculation methods will often result in different calculated
homology percentages).

XIII. Nucleic Acids

There are a variety of molecules disclosed herein that are
nucleic acid based, including for example the nucleic acids
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that encode HTLV-3 or HTLV-4 (e.g., SEQ ID NOs: 36, 53,
and 81). The disclosed nucleic acids are made up of, for
example, nucleotides, nucleotide analogs, or nucleotide sub-
stitutes. Non-limiting examples of these and other molecules
are discussed herein. It is understood that for example, when
a vector is expressed in a cell, the expressed mRNA will
typically be made up of A, C, G, and U. Likewise, it is
understood that if, for example, an antisense molecule is
introduced into a cell or cell environment through for
example exogenous delivery, it is advantageous that the
antisense molecule be made up of nucleotide analogs that
reduce the degradation of the antisense molecule in the
cellular environment.

XIV. Nucleotides and Related Molecules

A nucleotide is a molecule that contains a base moiety, a
sugar moiety and a phosphate moiety. Nucleotides can be
linked together through their phosphate moieties and sugar
moieties creating an internucleoside linkage. The base moi-
ety of a nucleotide can be adenin-9-yl (A), cytosin-1-yl (C),
guanin-9-yl (G), uracil-1-yl (U), and thymin-1-yl (T). The
sugar moiety of a nucleotide is a ribose or a deoxyribose.
The phosphate moiety of a nucleotide is pentavalent phos-
phate. A non-limiting example of a nucleotide would be
3'-AMP (3'-adenosine monophosphate) or 5'-GMP (5'-
guanosine monophosphate). There are many varieties of
these types of molecules available in the art and available
herein.

A nucleotide analog is a nucleotide which contains some
type of modification to either the base, sugar, or phosphate
moieties. Modifications to nucleotides are well known in the
art and would include for example, S-methylcytosine (5-me-
C), 5-hydroxymethyl cytosine, xanthine, hypoxanthine, and
2-aminoadenine as well as modifications at the sugar or
phosphate moieties. There are many varieties of these types
of molecules available in the art and available herein.

Nucleotide substitutes are molecules having similar func-
tional properties to nucleotides, but which do not contain a
phosphate moiety, such as peptide nucleic acid (PNA).
Nucleotide substitutes are molecules that will recognize
nucleic acids in a Watson-Crick or Hoogsteen manner, but
which are linked together through a moiety other than a
phosphate moiety. Nucleotide substitutes are able to con-
form to a double helix type structure when interacting with
the appropriate target nucleic acid. There are many varieties
of'these types of molecules available in the art and available
herein.

It is also possible to link other types of molecules (con-
jugates) to nucleotides or nucleotide analogs to enhance for
example, cellular uptake. Conjugates can be chemically
linked to the nucleotide or nucleotide analogs. Such conju-
gates include but are not limited to lipid moieties such as a
cholesterol moiety (Letsinger et al., Proc. Natl. Acad. Sci.
US4, 1989, 86:6553-6556). There are many varieties of
these types of molecules available in the art and available
herein.

A Watson-Crick interaction is at least one interaction with
the Watson-Crick face of a nucleotide, nucleotide analog, or
nucleotide substitute. The Watson-Crick face of a nucleo-
tide, nucleotide analog, or nucleotide substitute includes the
C2, N1, and C6 positions of a purine based nucleotide,
nucleotide analog, or nucleotide substitute and the C2, N3,
C4 positions of a pyrimidine based nucleotide, nucleotide
analog, or nucleotide substitute.

A Hoogsteen interaction is the interaction that takes place
on the Hoogsteen face of a nucleotide or nucleotide analog,
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which is exposed in the major groove of duplex DNA. The
Hoogsteen face includes the N7 position and reactive groups
(NH2 or O) at the C6 position of purine nucleotides.

XV. Sequences

There are a variety of sequences related to the protein
molecules, for example the protein coding regions gag, pol,
env, tax, rex, and protease (pro) genes and noncoding
regions such as the LTR of HTLV-3 and HTLV-4, or any of
the nucleic acids disclosed herein for making HTLV-3 or
HTLV-4, all of which are encoded by nucleic acids or are
nucleic acids. The sequences for the human analogs of these
genes, as well as other analogs, and alleles of these genes,
and splice variants and other types of variants, are available
in a variety of protein and gene databases, including Gen-
Bank. Those sequences available at the time of filing this
application at GenBank are herein incorporated by reference
in their entireties as well as for individual subsequences
contained therein. GenBank can be accessed at http://ww-
w.ncbi.nih.gov/entrez/query.fcgi. Those of skill in the art
understand how to resolve sequence discrepancies and dif-
ferences and to adjust the compositions and methods relating
to a particular sequence to other related sequences. Primers
and/or probes can be designed for any given sequence given
the information disclosed herein and known in the art.

XVI. Primers and Probes

Disclosed are compositions including primers and probes,
which are capable of interacting with the disclosed nucleic
acids, such as the HTLV-3 or HTLV-4 as disclosed herein. In
certain embodiments the primers are used to support nucleic
acid (DNA, RNA, etc.) amplification reactions. Thus, for
example, disclosed herein are primers wherein the primer
comprises SEQ ID NOs: 7 and 8, SEQ ID NOs: 11 and 12,
SEQ ID NOs: 15 and 16, SEQ ID NOs: 23 and 24, SEQ ID
NOs: 27 and 28, SEQ ID NOs: 31 and 32, SEQ ID NOs: 69
and 70, SEQ ID NOs: 73 and 74, SEQ ID NOs: 77 and 78,
SEQ ID NOs: 9 and 10, SEQ ID NOs: 13 and 14, SEQ 1D
NOs: 17 and 18, SEQ ID NOs: 25 and 26, SEQ ID NOs: 29
and 30, SEQ ID NOs: 33 and 34, SEQ ID NOs: 64 and 65,
SEQ ID NOs: 71 and 72, SEQ ID NOs: 75 and 76, and SEQ
1D NOs: 79 and 80. Typically the primers will be capable of
being extended in a sequence specific manner. Extension of
a primer in a sequence specific manner includes any meth-
ods wherein the sequence and/or composition of the nucleic
acid molecule to which the primer is hybridized or otherwise
associated directs or influences the composition or sequence
of the product produced by the extension of the primer.
Extension of the primer in a sequence specific manner
therefore includes, but is not limited to, PCR, DNA sequenc-
ing, DNA extension, DNA polymerization, RNA transcrip-
tion, or reverse transcription. Techniques and conditions that
amplify the primer in a sequence specific manner are pre-
ferred. In certain embodiments the primers are used for the
DNA amplification reactions, such as PCR or direct
sequencing. Thus, herein are disclosed primer pairs used in
conjunction with a second nested set of primers pairs. For
example, disclosed herein are PCR amplification methods
comprising a first primer pair and a second primer pair,
wherein the second primer pair is internal to the first primer
pair and wherein the first primer pair is selected from the
group consisting of SEQ ID NOs: 7 and 8, SEQ ID NOs: 11
and 12, SEQ ID NOs: 15 and 16, SEQ ID NOs: 23 and 24,
SEQ ID NOs: 27 and 28, SEQ ID NOs: 31 and 32, SEQ ID
NOs: 69 and 70, SEQ ID NOs: 73 and 74, and SEQ ID NOs:
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77 and 78, wherein the second set of primers is selected from
the group consisting of SEQ ID NOs: 9 and 10, SEQ ID
NOs: 13 and 14, SEQ ID NOs: 17 and 18, SEQ ID NOs: 25
and 26, SEQ ID NOs: 29 and 30, SEQ ID NOs: 33 and 34,
SEQ ID NOs: 71 and 72, SEQ ID NOs: 75 and 76, and SEQ
ID NOs: 79 and 80. It is understood that in certain embodi-
ments the primers can also be extended using non-enzymatic
techniques, where for example, the nucleotides or oligo-
nucleotides used to extend the primer are modified such that
they will chemically react to extend the primer in a sequence
specific manner. Typically, the disclosed primers hybridize
with the disclosed nucleic acids or region of the nucleic
acids or they hybridize with the complement of the nucleic
acids or complement of a region of the nucleic acids.

XVII. Functional Nucleic Acids

Functional nucleic acids are nucleic acid molecules that
have a specific function, such as binding a target molecule
or catalyzing a specific reaction. Functional nucleic acid
molecules can be divided into the following categories,
which are not meant to be limiting. For example, functional
nucleic acids include antisense molecules, aptamers,
ribozymes, triplex forming molecules, and external guide
sequences. The functional nucleic acid molecules can act as
effectors, inhibitors, modulators, and stimulators of a spe-
cific activity possessed by a target molecule, or the func-
tional nucleic acid molecules can possess a de novo activity
independent of any other molecules.

Functional nucleic acid molecules can interact with any
macromolecule, such as DNA, RNA, polypeptides, or car-
bohydrate chains. Thus, functional nucleic acids can interact
with the mRNA of any of the disclosed nucleic acids, such
as the pol, tax, env, gag, rex and pro genes and non-coding
regions such as the UTR of HTLV-3 and HTLV-4, or the
nucleic acids used for the generation of HTLV-3 and HTL V-
4, or the genomic DNA of any of the disclosed viruses, such
as HTLV-3 and HTLV-4, or they can interact with the
polypeptide encoded by any of the disclosed nucleic acids,
such as pol, tax, rex, env, gag, or pro genes of HTLV-3 and
HTLV-4, or the nucleic acids used for the generation of pol,
tax, rex, env, gag, or LTR proteins of HTLV-3 and HTLV-4.
Often functional nucleic acids are designed to interact with
other nucleic acids based on sequence homology between
the target molecule and the functional nucleic acid molecule.
In other situations, the specific recognition between the
functional nucleic acid molecule and the target molecule is
not based on sequence homology between the functional
nucleic acid molecule and the target molecule, but rather is
based on the formation of tertiary structure that allows
specific recognition to take place.

XVIII. Protein Variants

As discussed herein, there are numerous disclosed vari-
ants of the HTLV-3 proteins encoded herein, such as gag
(SEQ ID NO: 40), pol (SEQ ID NO: 44), env (SEQ ID NO:
37), tax (SEQ ID NO: 50), rex (SEQ ID NO: 48), protease
(SEQ ID NO: 46), and non-coding regions such as the LTR,
and HTT.V-4 proteins encoded herein, such as gag, pol (SEQ
ID NO: 57), env (SEQ ID NO: 54), tax (SEQ ID NO: 62),
rex (SEQ ID NO: 60), protease (SEQ ID NO: 58) and
non-coding regions such as the LTR. In addition, to the
known functional HTLV-3 and HTLV-4 strain variants there
are derivatives of the HTLV-3 and HTT.V-4 gag, pol, tax, rex,
and env, LTR proteins that also function in the disclosed
methods and compositions. Protein variants and derivatives
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are well understood to those of skill in the art and in can
involve amino acid sequence modifications. For example,
amino acid sequence modifications typically fall into one or
more of three classes: substitutional, insertional or deletional
variants. Insertions include amino and/or carboxyl terminal
fusions as well as intrasequence insertions of single or
multiple amino acid residues. Insertions ordinarily will be
smaller insertions than those of amino or carboxyl terminal
fusions, for example, on the order of one to four residues.
Immunogenic fusion protein derivatives, such as those
described in the examples, are made by fusing a polypeptide
sufficiently large to confer immunogenicity to the target
sequence by cross-linking in vitro or by recombinant cell
culture transformed with DNA encoding the fusion. Dele-
tions are characterized by the removal of one or more amino
acid residues from the protein sequence. Typically, no more
than about from 2 to 6 residues are deleted at any one site
within the protein molecule. These variants ordinarily are
prepared by site specific mutagenesis of nucleotides in the
DNA encoding the protein, thereby producing DNA encod-
ing the variant, and thereafter expressing the DNA in recom-
binant cell culture. Techniques for making substitution
mutations at predetermined sites in DNA having a known
sequence are well known, for example M13 primer muta-
genesis and PCR mutagenesis. Amino acid substitutions are
typically of single residues, but can occur at a number of
different locations at once; insertions usually will be on the
order of about from 1 to 10 amino acid residues; and
deletions will range about from 1 to 30 residues. Deletions
or insertions preferably are made in adjacent pairs, e.g., a
deletion of 2 residues or insertion of 2 residues. Substitu-
tions, deletions, insertions or any combination thereof may
be combined to arrive at a final construct. The mutations
must not place the sequence out of reading frame and
preferably will not create complementary regions that could
produce secondary mRNA structure. Substitutional variants
are those in which at least one residue has been removed and
a different residue inserted in its place. Such substitutions
generally are made in accordance with the following Tables
1 and 2 and are referred to as conservative substitutions.

TABLE 1

Amino Acid Abbreviations

Amino Acid Abbreviation
alanine Ala A
allosoleucine Alle
arginine Arg R
asparagine Asn N
aspartic acid Asp D
cysteine Cys C
glutamic acid Glu E
glutamine Gln K
glycine Gly G
histidine His H
isoleucine Ile I
leucine Leu L
lysine Lys K
phenylalanine Phe F
proline Pro P
pyroglutamic acid Glu
serine Ser S
threonine Thr T
tyrosine TyrY
tryptophan Trp W
valine Val v
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TABLE 2

Amino Acid Substitutions
Original Residue & Exemplary Conservative Substitutions
(others are known in the art)

Ala, ser
Arg, lys, gln
Asn, gln, his
Asp, glu
Cys, ser
Gln, asn, lys
Glu, asp
Gly, pro

His, asn, gln
Ile, leu, val
Leu, ile, val
Lys, arg, gln,
Met, Leu, ile
Phe, met, leu, tyr
Ser, thr

Thr, ser

Trp, tyr

Tyr, trp, phe
Val, ile, leu

Substantial changes in function or immunological identity
are made by selecting substitutions that are less conservative
than those in Table 2, e.g., selecting residues that differ more
significantly in their effect on maintaining (a) the structure
of the polypeptide backbone in the area of the substitution,
for example as a sheet or helical conformation, (b) the
charge or hydrophobicity of the molecule at the target site or
(c) the bulk of the side chain. The substitutions which in
general are expected to produce the greatest changes in the
protein properties will be those in which (a) a hydrophilic
residue, e.g. seryl or threonyl, is substituted for (or by) a
hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl,
valyl or alanyl; (b) a cysteine or proline is substituted for (or
by) any other residue; (¢) a residue having an electropositive
side chain, e.g., lysyl, arginyl, or histidyl, is substituted for
(or by) an electronegative residue, e.g., glutamyl or aspartyl;
or (d) a residue having a bulky side chain, e.g., phenylala-
nine, is substituted for (or by) one not having a side chain,
e.g., glycine, in this case, (¢) by increasing the number of
sites for sulfation and/or glycosylation.

For example, the replacement of one amino acid residue
with another that is biologically and/or chemically similar is
known to those skilled in the art as a conservative substi-
tution. For example, a conservative substitution would be
replacing one hydrophobic residue with another, or one
polar residue with another. The substitutions include com-
binations such as, for example, Gly, Ala; Val, Ile, Leu; Asp,
Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr. Such
conservatively substituted variations of each explicitly dis-
closed sequence are included within the mosaic polypeptides
provided herein.

Substitutional or deletional mutagenesis can be employed
to insert sites for N-glycosylation (Asn-X-Thr/Ser) or O-gly-
cosylation (Ser or Thr). Deletions of cysteine or other labile
residues also may be desirable. Deletions or substitutions of
potential proteolysis sites, e.g. Arg, is accomplished for
example by deleting one of the basic residues or substituting
one by glutaminyl or histidyl residues.

Certain post-translational derivatizations are the result of
the action of recombinant host cells on the expressed poly-
peptide. Glutaminyl and asparaginyl residues are frequently
post-translationally deamidated to the corresponding gluta-
myl and asparyl residues. Alternatively, these residues are
deamidated under mildly acidic conditions. Other post-
translational modifications include hydroxylation of proline
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and lysine, phosphorylation of hydroxyl groups of seryl or
threonyl residues, methylation of the o-amino groups of
lysine, arginine, and histidine side chains (T. E. Creighton,
Proteins: Structure and Molecular Properties, W. H. Free-
man & Co., San Francisco pp 79-86 [1983]), acetylation of
the N-terminal amine and, in some instances, amidation of
the C-terminal carboxyl.

It is understood that one way to define the variants and
derivatives of the disclosed proteins herein is through defin-
ing the variants and derivatives in terms of homology/
identity to specific known sequences. For example, SEQ ID
NO: 1 sets forth a particular sequence of HTLV-3 pol protein
and SEQ ID NO: 2 sets forth a particular sequence of a
HTLV-4 pol protein. Specifically disclosed are variants of
these and other proteins herein disclosed which have at least,
70% or 75% or 80% or 85% or 90% or 95% homology or
any amount of homology in between to the stated sequence.
Those of skill in the art readily understand how to determine
the homology of two proteins. For example, the homology
can be calculated after aligning the two sequences so that the
homology is at its highest level.

Another way of calculating homology can be performed
by published algorithms. Optimal alignment of sequences
for comparison may be conducted by the local homology
algorithm of Smith and Waterman Adv. Appl. Math. 2:482
(1981), by the homology alignment algorithm of Needleman
and Wunsch, J. Mol. Biol. 48:443 (1970), by the search for
similarity method of Pearson and Lipman, Proc. Natl. Acad.
Sci. U.S.A. 85:2444 (1988), by computerized implementa-
tions of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, Wis.),
or by inspection.

The same types of homology can be obtained for nucleic
acids by for example the algorithms disclosed in Zuker, M.
Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci.
US4 86:7706-7710, 1989, Jaeger et al. Methods Enzymol.
183:281-306, 1989 which are herein incorporated by refer-
ence for at least material related to nucleic acid alignment.

It is understood that the description of conservative muta-
tions and homology can be combined together in any
combination, such as embodiments that have at least 70%,
80%, 85%, 90%, 92%, 95%, 97% or more homology to a
particular sequence wherein the variants are conservative
mutations.

As this specification discusses various proteins and pro-
tein sequences it is understood that the nucleic acids that can
encode those protein sequences are also disclosed. This
would include all degenerate sequences related to a specific
protein sequence, e.g. all nucleic acids having a sequence
that encodes one particular protein sequence as well as all
nucleic acids, including degenerate nucleic acids, encoding
the disclosed variants and derivatives of the protein
sequences. Thus, while each particular nucleic acid
sequence may not be written out herein, it is understood that
each and every sequence is in fact disclosed and described
herein through the disclosed protein sequence. For example,
one of the many nucleic acid sequences that can encode the
protein sequence set forth in SEQ ID NO: 44 is set forth in
SEQ ID NO: 1. In addition, for example, disclosed are
conservative derivatives of SEQ ID NO: 44.

It is understood that there are numerous amino acid and
peptide analogs which can be incorporated into the disclosed
compositions. For example, there are numerous D amino
acids or amino acids which have a different functional
substituent then the amino acids shown in Table 1 and Table
2. The opposite stereo isomers of naturally occurring pep-
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tides are disclosed, as well as the stereo isomers of peptide
analogs. These amino acids can readily be incorporated into
polypeptide chains by charging tRNA molecules with the
amino acid of choice and engineering genetic constructs that
utilize, for example, amber codons, to insert the analog
amino acid into a peptide chain in a site specific way
(Thorson et al., Methods in Molec. Biol. 77:43-73 (1991),
Zoller, Current Opinion in Biotechnology, 3:348-354
(1992); 1Ibba, Biotechnology & Genetic Engineering
Reviews 13:197-216 (1995), Cahill et al., TIBS, 14(10):400-
403 (1989); Benner, TIB Tech, 12:158-163 (1994); Ibba and
Hennecke, Bio/technology, 12:678-682 (1994) all of which
are herein incorporated by reference at least for material
related to amino acid analogs).

Molecules can be produced that resemble peptides, but
which are not connected via a natural peptide linkage. For
example, linkages for amino acids or amino acid analogs can
include CH,NH—, —CH,S—, —CH,—CH,—CH—CH—
(cis and trans), —COCH,—, —CH(OH)CH,—, and
—CHH,SO—. (These and others can be found in Spatola in
Chemistry and Biochemistry of Amino Acids, Peptides, and
Proteins, B. Weinstein, eds., Marcel Dekker, New York, p.
267 (1983); Spatola, Vega Data (March 1983), Vol. 1, Issue
3, Peptide Backbone Modifications (general review); Mor-
ley, Trends Pharm Sci (1980) pp. 463-468; Hudson et al., Int
J Pept Prot Res 14:177-185 (1979) (—CH,NH—,
CH,CH,—); Spatola et al. Life Sci 38:1243-1249 (1986)
(—CHH,—S); Hann J. Chem. Soc Perkin Trans.1307-314
(1982) (—CH—CH—, cis and trans); Almquist et al. J.
Med. Chem. 23:1392-1398 (1980) (—COCH,—); Jennings-
White et al. Tetrahedron Lert 23:2533 (1982)
(—COCH,—); Szelke et al. European Appin, EP 45665 CA
(1982): 97:39405 (1982) (—CH(OH)CH,—); Holladay et
al. Tetrahedron. Lett 24:4401-4404 (1983) (—C(OH)
CH,—); and Hruby Life Sci 31:189-199 (1982) (—CH,—
S—); each of which is incorporated herein by reference. A
particularly preferred non-peptide linkage is —CH,NH—. It
is understood that peptide analogs can have more than one
atom between the bond atoms, such as b-alanine, g-amin-
obutyric acid, and the like.

Amino acid analogs and analogs and peptide analogs
often have enhanced or desirable properties, such as, more
economical production, greater chemical stability, enhanced
pharmacological properties (half-life, absorption, potency,
efficacy, etc.), altered specificity (e.g., a broad-spectrum of
biological activities), reduced antigenicity, and others.

D-amino acids can be used to generate more stable
peptides, because D amino acids are not recognized by
peptidases and such. Systematic substitution of one or more
amino acids of a consensus sequence with a D-amino acid of
the same type (e.g., D-lysine in place of L-lysine) can be
used to generate more stable peptides. Cysteine residues can
be used to cyclize or attach two or more peptides together.
This can be beneficial to constrain peptides into particular
conformations (Rizo and Gierasch Arn. Rev. Biochem.
61:387 (1992), incorporated herein by reference).

XIX. Pharmaceutical Carriers/Delivery of
Pharmaceutical Products

As described above, the compositions can be adminis-
tered in vivo in a pharmaceutically acceptable carrier. By
“pharmaceutically acceptable” is meant a material that is not
biologically or otherwise undesirable, e.g., the material may
be administered to a subject, along with the nucleic acid or
vector, without causing any undesirable biological effects or
interacting in a deleterious manner with any of the other
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components of the pharmaceutical composition in which it
is contained. The carrier would naturally be selected to
minimize any degradation of the active ingredient and to
minimize any adverse side effects in the subject, as would be
well known to one of skill in the art.

The compositions may be administered orally, parenter-
ally (e.g., intravenously), by intramuscular injection, by
intraperitoneal injection, transdermally, extracorporeally,
topically or the like, including topical intranasal adminis-
tration or administration by inhalant. As used herein, “topi-
cal intranasal administration” means delivery of the com-
positions into the nose and nasal passages through one or
both of the nares and can comprise delivery by a spraying
mechanism or droplet mechanism, or through aerosolization
of the nucleic acid or vector. Administration of the compo-
sitions by inhalant can be through the nose or mouth via
delivery by a spraying or droplet mechanism. Delivery can
also be directly to any area of the respiratory system (e.g.,
lungs) via intubation. The exact amount of the compositions
required will vary from subject to subject, depending on the
species, age, weight and general condition of the subject, the
severity of the allergic disorder being treated, the particular
nucleic acid or vector used, its mode of administration and
the like. Thus, it is not possible to specify an exact amount
for every composition. However, an appropriate amount can
be determined by one of ordinary skill in the art using only
routine experimentation given the teachings herein.

Parenteral administration of the composition, if used, is
generally characterized by injection. Injectables can be
prepared in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution of suspension
in liquid prior to injection, or as emulsions. A more recently
revised approach for parenteral administration involves use
of a slow release or sustained release system such that a
constant dosage is maintained. See, e.g., U.S. Pat. No.
3,610,795, which is incorporated by reference herein.

The materials may be in solution, suspension (for
example, incorporated into microparticles, liposomes, or
cells). These may be targeted to a particular cell type via
antibodies, receptors, or receptor ligands. The following
references are examples of the use of this technology to
target specific proteins to tumor tissue (Senter et al., Bio-
conjugate Chem. 2:447-451 (1991); Bagshawe Br. J. Cancer
60:275-281 (1989); Bagshawe et al., Br. J. Cancer 58:700-
703 (1988); Senter et al., Bioconjugate Chem. 4:3-9 (1993);
Battelli et al., Cancer Immunol. Immunother. 35:421-425
(1992); Pietersz and McKenzie, Immunolog. Reviews 129:
57-80 (1992); and Roffler et al., Biochem. Pharmacol.
42:2062-2065 (1991)). Vehicles such as “stealth” and other
antibody conjugated liposomes (including lipid mediated
drug targeting to colonic carcinoma), receptor mediated
targeting of DNA through cell specific ligands, lymphocyte
directed tumor targeting, and highly specific therapeutic
retroviral targeting of murine glioma cells in vivo. The
following references are examples of the use of this tech-
nology to target specific proteins to tumor tissue (Hughes et
al., Cancer Research 49:6214-6220 (1989); and Litzinger
and Huang, Biochimica et Biophysica Acta 1104:179-187
(1992)). In general, receptors are involved in pathways of
endocytosis, either constitutive or ligand induced. These
receptors cluster in clathrin-coated pits, enter the cell via
clathrin-coated vesicles, pass through an acidified endosome
in which the receptors are sorted, and then either recycle to
the cell surface, become stored intracellularly, or are
degraded in lysosomes. The internalization pathways serve
a variety of functions, such as nutrient uptake, removal of
activated proteins, clearance of macromolecules, opportu-
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nistic entry of viruses and toxins, dissociation and degrada-
tion of ligand, and receptor-level regulation. Many receptors
follow more than one intracellular pathway, depending on
the cell type, receptor concentration, type of ligand, ligand
valency, and ligand concentration. Molecular and cellular
mechanisms of receptor-mediated endocytosis has been
reviewed (Brown and Greene, DNA and Cell Biology 10:6,
399-409 (1991)).

XX. Pharmaceutically Acceptable Carriers

The compositions, including antibodies, can be used
therapeutically in combination with a pharmaceutically
acceptable carrier. Suitable carriers and their formulations
are described in Remington: The Science and Practice of
Pharmacy (19th ed.) ed. A. R. Gennaro, Mack Publishing
Company, Easton, Pa. 1995. Typically, an appropriate
amount of a pharmaceutically-acceptable salt is used in the
formulation to render the formulation isotonic. Examples of
the pharmaceutically-acceptable carrier include, but are not
limited to, saline, Ringer’s solution and dextrose solution.
The pH of the solution is preferably from about 5 to about
8, and more preferably from about 7 to about 7.5. Further
carriers include sustained release preparations such as semi-
permeable matrices of solid hydrophobic polymers contain-
ing the antibody, which matrices are in the form of shaped
articles, e.g., films, liposomes or microparticles. It will be
apparent to those persons skilled in the art that certain
carriers may be more preferable, depending upon, for
instance, the route of administration and concentration of
composition being administered.

Pharmaceutical carriers are known to those skilled in the
art. These most typically would be standard carriers for
administration of drugs to humans, including solutions such
as sterile water, saline, and buffered solutions at physiologi-
cal pH. The compositions can be administered intramuscu-
larly or subcutaneously. Other compounds will be adminis-
tered according to standard procedures used by those skilled
in the art.

Pharmaceutical compositions may include carriers, thick-
eners, diluents, buffers, preservatives, surface active agents
and the like in addition to the molecule of choice. Pharma-
ceutical compositions may also include one or more active
ingredients such as antimicrobial agents, antiinflammatory
agents, anesthetics, and the like.

The pharmaceutical composition may be administered in
a number of ways depending on whether local or systemic
treatment is desired, and on the area to be treated. Admin-
istration may be topically (including ophthalmically, vagi-
nally, rectally, intranasally), orally, by inhalation, or paren-
terally, for example by intravenous drip, subcutaneous,
intraperitoneal or intramuscular injection. The disclosed
antibodies can be administered intravenously, intraperitone-
ally, intramuscularly, subcutaneously, intracavity, or trans-
dermally.

Preparations for parenteral administration include sterile
aqueous or non-aqueous solutions, suspensions, and emul-
sions. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emul-
sions or suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ring-
er’s dextrose, dextrose and sodium chloride, lactated Ring-
er’s, or fixed oils. Intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as those
based on Ringer’s dextrose), and the like. Preservatives and
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other additives may also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert
gases and the like.

Formulations for topical administration may include oint-
ments, lotions, creams, gels, drops, suppositories, sprays,
liquids and powders. Conventional pharmaceutical carriers,
aqueous, powder or oily bases, thickeners and the like may
be necessary or desirable.

Compositions for oral administration include powders or
granules, suspensions or solutions in water or non-aqueous
media, capsules, sachets, or tablets. Thickeners, flavorings,
diluents, emulsifiers, dispersing aids or binders may be
desirable.

Some of the compositions may potentially be adminis-
tered as a pharmaceutically acceptable acid- or base-addition
salt, formed by reaction with inorganic acids such as hydro-
chloric acid, hydrobromic acid, perchloric acid, nitric acid,
thiocyanic acid, sulfuric acid, and phosphoric acid, and
organic acids such as formic acid, acetic acid, propionic
acid, glycolic acid, lactic acid, pyruvic acid, oxalic acid,
malonic acid, succinic acid, maleic acid, and fumaric acid,
or by reaction with an inorganic base such as sodium
hydroxide, ammonium hydroxide, potassium hydroxide, and
organic bases such as mono-, di-, trialkyl and aryl amines
and substituted ethanolamines.

XXI. Therapeutic Uses

Effective dosages and schedules for administering the
compositions may be determined empirically, and making
such determinations is within the skill in the art. The dosage
ranges for the administration of the compositions are those
large enough to produce the desired therapeutic or prophy-
lactic effect. The dosage should not be so large as to cause
adverse side effects, such as unwanted cross-reactions, ana-
phylactic reactions, and the like. Generally, the dosage will
vary with the age, condition, sex and extent of the disease in
the patient, route of administration, or whether other drugs
are included in the regimen, and can be determined by one
of skill in the art. The dosage can be adjusted by the
individual physician in the event of any counterindications.
Dosage can vary, and can be administered in one or more
dose administrations daily, for one or several days. Guidance
can be found in the literature for appropriate dosages for
given classes of pharmaceutical products. For example,
guidance in selecting appropriate doses for antibodies can be
found in the literature on therapeutic uses of antibodies, e.g.,
Handbook of Monoclonal Antibodies, Ferrone et al., eds.,
Noges Publications, Park Ridge, N.J., (1985) ch. 22 and pp.
303-357; Smith et al., Antibodies in Human Diagnosis and
Therapy, Haber et al., eds., Raven Press, New York (1977)
pp- 365-389. A typical daily dosage of the antibody used
alone might range from about 1 pg/kg to up to 100 mg/kg of
body weight or more per day, depending on the factors
mentioned above.

Following administration of a disclosed composition,
such as an antibody, for treating, inhibiting, or preventing an
HTLV-3 or HTLV-4 infection, the efficacy of the therapeutic
antibody can be assessed in various ways well known to the
skilled practitioner. For instance, one of ordinary skill in the
art will understand that a composition, such as an antibody
disclosed herein, is efficacious in treating or inhibiting an
HTLV-3 or HTLV-4 infection in a subject by observing that
the composition reduces viral load or prevents a further
increase in HTLV-3 or HTLV-4 viral load. Techniques used
to measure the response of HTLV-3 or HTLV-4-infected
subject to treatment with an antibody include determining
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whether the treatment partially or completely inhibits the
appearance of the virus in the blood or other body fluid.

Other molecules that interact with HTLV-3 or HLV-4 (or
the proteins encoded by those virus nucleic acid sequences)
can be used that do not have a specific pharmaceutical
function, but which may be used for tracking changes within
cellular chromosomes or for the delivery of diagnostic tools,
for example can be delivered in ways similar to those
described for the pharmaceutical products. The disclosed
compositions and methods can also be used, for example, as
tools to isolate and test new drug candidates for a variety of
primate T-lymphotropic virus related diseases.

XXII. Treatment and Prevention Methods

By “treating” is meant an improvement in or abatement of
the disease state (e.g., viral infection, bacterial infection,
parasitic infection, cancer, genetic disorder, or autoimmune
disease) is observed and/or detected upon or after adminis-
tration of a substance of the present disclosure to a subject.
Treatment can range from a positive change in a symptom
or symptoms of the disease to complete amelioration of the
disease (e.g., viral infection, bacterial infection, parasitic
infection, or cancer) (e.g., reduction in severity, intensity, or
duration of disease, alteration of clinical parameters indica-
tive of the subject’s condition, relief of discomfort or
increased or enhanced function), as detected by art-known
techniques. The methods of the present disclosure can be
utilized, for instance, to prevent or treat a viral infection,
bacterial infection, parasitic infection, or cancer. One of skill
in the art would recognize that this viral infection, bacterial
infection, parasitic infection, or cancer can include condi-
tions characterized by the presence of a foreign pathogen or
abnormal cell growth. Clinical symptoms will depend on the
particular condition and are easily recognizable by those
skilled in the art of treating the specific condition. Treatment
methods can include, but are not limited to therapeutic
vaccinations. Thus, disclosed are methods of treating a
subject with a condition comprising administering to the
vector or other composition disclosed herein.

Also disclosed are methods wherein the condition being
treated or prevented is a viral infection. The viral infection
can be selected from the list of viruses consisting of Herpes
simplex virus type-1, Herpes simplex virus type-2, Cyto-
megalovirus, Epstein-Barr virus, Varicella-zoster virus,
Human herpesvirus 6, Human herpesvirus 7, Human her-
pesvirus 8, Variola virus, Vesicular stomatitis virus, Hepa-
titis A virus, Hepatitis B virus, Hepatitis C virus, Hepatitis
D virus, Hepatitis E virus, Rhinovirus, SARS, Coronavirus,
Influenza virus A, Influenza virus B, Measles virus, Polyo-
mavirus, Human Papillomavirus, Respiratory syncytial
virus, Adenovirus, Coxsackie virus, Dengue virus, Mumps
virus, Poliovirus, Rabies virus, Rous sarcoma virus, Yellow
fever virus, Ebola virus, Marburg virus, Lassa fever virus,
Eastern Equine Encephalitis virus, Japanese Encephalitis
virus, St. Louis Encephalitis virus, Murray Valley fever
virus, West Nile virus, Rift Valley fever virus, Rotavirus A,
Rotavirus B, Rotavirus C, Sindbis virus, Simian Immuno-
deficiency virus, Human T-lymphotropic virus type-1,
Human T-lymphotropic virus type-2, Primate T-lymphotro-
pic virus, Hantavirus, Rubella virus, Simian Immunodefi-
ciency virus, Human Immunodeficiency virus type-1, and
Human Immunodeficiency virus type-2.

Also disclosed are methods wherein the condition being
treated or prevented is a bacterial infection. The bacterial
infection can be selected from the list of bacterium consist-
ing of M. tuberculosis, M. bovis, M. bovis strain BCG, BCG
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substrains, M. avium, M. intracellulare, M. africanum, M.
kansasii, M. marinum, M. ulcerans, M. avium subspecies
paratuberculosis, Nocardia asteroides, other Nocardia spe-
cies, Legionella pneumophila, other Legionella species,
Salmonella typhi, other Salmonella species, Shigella spe-
cies, Yersinia pestis, Pasteurella haemolytica, Pasteurella
multocida, other Pasteurella species, Actinobacillus pleuro-
pneumoniae, Listeria monocytogenes, Listeria ivanovii,
Brucella abortus, other Brucella species, Cowdria ruminan-
tium, Chlamydia pneumoniae, Chlamydia trachomatis,
Chlamydia psittaci, Coxiella burnetti, other Rickettsial spe-
cies, Ehrlichia species, Staphylococcus aureus, Staphylo-
coccus epidermidis, Streptococcus pyogenes, Streptococcus
agalactiae, Bacillus anthracis, Escherichia coli, Vibrio
cholerae, Campylobacter species, Neiserria meningitidis,
Neiserria gonorrhea, Pseudomonas aeruginosa, other
Pseudomonas species, Haemophilus influenzae, Haemophi-
lus ducreyi, other Hemophilus species, Clostridium tetani,
other Clostridium species, Yersinia enterolitica, and other
Yersinia species.

Also disclosed are methods wherein the antigen-encoding
nucleic acid is an antigen from a bacterium. The bacterial
antigen can be selected from the group consisting of M.
tuberculosis, M. bovis, M. bovis strain BCG, BCG sub-
strains, M. avium, M. intracellulare, M. africanum, M.
kansasii, M. marinum, M. ulcerans, M. avium subspecies
paratuberculosis, Nocardia asteroides, other Nocardia spe-
cies, Legionella pneumophila, other Legionella species,
Salmonella typhi, other Salmonella species, Shigella spe-
cies, Yersinia pestis, Pasteurella haemolytica, Pasteurella
multocida, other Pasteurella species, Actinobacillus pleuro-
pneumoniae, Listeria monocytogenes, Listeria ivanovii,
Brucella abortus, other Brucella species, Cowdria ruminan-
tium, Chlamydia pneumoniae, Chlamydia trachomatis,
Chlamydia psittaci, Coxiella burnetti, other Rickettsial spe-
cies, Ehrlichia species, Staphylococcus aureus, Staphylo-
coccus epidermidis, Streptococcus pyogenes, Streptococcus
agalactiae, Bacillus anthracis, Escherichia coli, Vibrio
cholerae, Campylobacter species, Neiserria meningitidis,
Neiserria gonorrhea, Pseudomonas aeruginosa, other
Pseudomonas species, Haemophilus influenzae, Haemophi-
lus ducreyi, other Hemophilus species, Clostridium tetani,
other Clostridium species, Yersinia enterolitica, and other
Yersinia species.

Also disclosed are methods wherein the condition being
treated or prevented is a fungal infection. The fungal infec-
tion can be selected from the list of fungus consisting of
Candida albicans, Cryptococcus neoformans, Histoplama
capsulatum, Aspergillus fumigatus, Coccidiodes immitis,
Paracoccidiodes  brasiliensis, Blastomyces dermitidis,
Pneumocystis carinii, Penicillium marneffi, and Alternaria
alternatas.

Also disclosed are methods wherein the condition being
treated is a parasitic infection. The parasitic infection can be
selected from the list of parasites consisting of Toxoplasma
gondii, Plasmodium falciparum, Plasmodium vivax, Plas-
modium malariae, other Plasmodium species, Trypanosoma
brucei, Trypanosoma cruzi, Leishmania major, other Leish-
mania species, Schistosoma mansoni, other Schistosoma
species, and Entamoeba histolytica.

In addition, the disclosed vectors and vector containing
compositions can be used to treat any disease where uncon-
trolled cellular proliferation occurs, such as a cancer. A
non-limiting list of different types of cancers that can be
treated with the disclosed compositions is as follows: lym-
phomas (including Hodgkin’s and non-Hodgkin’s, B cell
lymphoma, and T cell lymphoma), mycosis fungoides, leu-
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kemias (including myeloid leukemia), carcinomas, carcino-
mas of solid tissues, squamous cell carcinomas, adenocar-
cinomas, sarcomas, gliomas, high grade gliomas, bladder
cancer, brain cancer, nervous system cancer, head and neck
cancer, blastomas, neuroblastomas, plasmacytomas, histio-
cytomas, melanomas, adenomas, hypoxic tumors, myelo-
mas, AIDS-related lymphomas or sarcomas, kidney cancer,
lung cancers such as small cell lung cancer and non-small
cell lung cancer, neuroblastoma/glioblastoma, ovarian can-
cer, pancreatic cancer, prostate cancer, skin cancer, liver
cancer, melanoma, squamous cell carcinomas of the mouth,
throat, larynx, and lung, large bowel cancer, hematopoietic
cancers; testicular cancer; colon and rectal cancers, prostatic
cancer, or pancreatic cancer, cervical cancer, cervical carci-
noma, breast cancer, and epithelial cancer, renal cancer,
genitourinary cancer, pulmonary cancer, esophageal carci-
noma, metastatic cancers, or cancers in general.

Also disclosed are methods wherein the antigen-encoding
nucleic acid is a tumor antigen. The tumor antigen can be
selected from the list consisting of human epithelial cell
mucin (Muc-1; a 20 amino acid core repeat for Muc-1
glycoprotein, present on breast cancer cells and pancreatic
cancer cells), the Ha-ras oncogene product, p53, carcino-
embryonic antigen (CEA), the raf oncogene product, gp100/
pmell7, GD2, GD3, GM2, TF, sTn, MAGE-1, MAGE-3,
BAGE, GAGE, tyrosinase, gp75, Melan-A/Mart-1, gp100,
HER2/neu, EBV-LMP 1 & 2, HPV-F4, 6, 7, prostate-specific
antigen (PSA), HPV-16, MUM, alpha-fetoprotein (AFP),
CO17-1A, GA733, gp72, p53, the ras oncogene product,
HPV E7, Wilm’s tumor antigen-1, telomerase, and mela-
noma gangliosides.

Disclosed are methods of treating a condition in a subject
comprising administering to the subject the vector of the
disclosure, wherein the condition is due to a mutated,
disregulated, disrupted, or deleted gene; autoimmunity; or
inflammatory diseases, including but not limited to cystic
fibrosis, asthma, multiple sclerosis, muscular dystrophy,
diabetes, tay-sachs, spinobifida, cerebral palsy, Parkinson’s
disease, Lou Gehrig’s disease, Alzheimer’s, systemic lupus
erythematosis, hemophilia, Addison’s disease, Cushing’s
disease.

By “preventing” is meant that after administration of a
substance of the present disclosure to a subject, the subject
does not develop the symptoms of the viral, bacterial, or
parasitic infection, and/or does not develop the viral, bac-
terial, or parasitic infection. “Preventing” or “prevention”
can also refer to the ultimate reduction of an infection,
condition, or symptoms of an infection, or condition relative
to infections or conditions in subjects that do not receive the
substance. Methods of prevention can include, but are not
limited to prophylactic vaccination. As such, disclosed are
methods of preventing an infection in a subject comprising
administering to the subject the vector of the disclosure.

Also disclosed are methods of the disclosure, wherein the
infection prevented is a fungal infection or the antigen-
encoding nucleic acid is an antigen from a fungus. The
fungal infection or antigen can be selected from the list of
Candida albicans, Cryptococcus neoformans, Histoplama
capsulatum, Aspergillus fumigatus, Coccidiodes immitis,
Paracoccidiodes  brasiliensis, Blastomyces dermitidis,
Pneumocystis carinii, Penicillium marneffi, and Alternaria
alternata.

Also disclosed are methods of the disclosure, wherein the
antigen-encoding nucleic acid is an antigen from a parasite.
The parasitic antigen can be selected from the group con-
sisting of Toxoplasma gondii, Plasmodium falciparum, Plas-
modium vivax, Plasmodium malariae, other Plasmodium
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species, Trypanosoma brucei, Trypanosoma cruzi, Leishma-
nia major, other Leishmania species, Schistosoma mansoni,
other Schistosoma species, and Entamoeba histolytica.

Also disclosed are methods of the disclosure, wherein the
subject is a horse, cow, pig, dog, car, mouse, monkey,
human, or a cell isolated from such an animal.

XXIII. Screening Methods

Disclosed herein are methods of identifying new primate
T-lymphotropic viruses comprising: a) contacting a nucleic
acid using a first set of primers and a second set of primers
internal to the first set of primers, wherein the first set of
primers is SEQ ID NOs: 19 and 20, and wherein the second
set of primers is SEQ ID NOs: 21 and 22 under conditions
that permit primer extension; b) identifying any amplified
nucleic acid; and ¢) comparing the sequence to known
primate T-lymphotropic viral sequences, wherein a sequence
divergence greater than 5% indicates a new virus.

Also disclosed are methods of identifying new primate
T-lymphotropic viruses comprising: a) contacting a nucleic
acid using a first set of primers and a second set of primers
internal to the first set of primers, wherein the first set of
primers is selected from the group of primers pairs consist-
ing of SEQ ID NOs: 7 and 8, SEQ ID NOs: 11 and 12, SEQ
ID NOs: 15 and 16, SEQ ID NOs: 23 and 24, SEQ ID NOs:
27 and 28, SEQ ID NOs: 31 and 32, SEQ ID NOs: 69 and
70, SEQ ID NOs: 73 and 74, and SEQ ID NOs: 77 and 78,
wherein the second set of primers is selected from the group
consisting of SEQ ID NOs: 9 and 10, SEQ ID NOs: 13 and
14, SEQ ID NOs: 17 and 18, SEQ ID NOs: 25 and 26, SEQ
ID NOs: 29 and 30, SEQ ID NOs: 33 and 34, SEQ ID NOs:
71 and 72, SEQ ID NOs: 75 and 76, and SEQ ID NOs: 79
and 80; b) identifying any amplified nucleic acid; and c)
comparing the sequence to known primate T-lymphotropic
viral sequences, wherein sequence divergence greater than
5% indicates a new virus.

It is also understood that the disclosed methods of iden-
tifying a new primate T-lymphotrophic virus can be
achieved using non-nested PCR techniques such as real-time
PCR. Thus, for example, specifically disclosed are methods
of identifying new primate T-lymphotropic viruses compris-
ing a) contacting a nucleic acid using a set of primers,
wherein the set of primers is selected from the set of primers
consisting of SEQ ID NOs: 19 and 20, SEQ ID NOs: 21 and
22, SEQ ID NOs: 7 and 8, SEQ ID NOs: 11 and 12, SEQ ID
NOs: 15 and 16, SEQ ID NOs: 23 and 24, SEQ ID NOs: 27
and 28, SEQ ID NOs: 31 and 32, SEQ ID NOs: 69 and 70,
SEQ ID NOs: 73 and 74, SEQ ID NOs: 77 and 78, SEQ 1D
NOs: 9 and 10, SEQ ID NOs: 13 and 14, SEQ ID NOs: 17
and 18, SEQ ID NOs: 25 and 26, SEQ ID NOs: 29 and 30,
SEQ ID NOs: 33 and 34, SEQ ID NOs: 71 and 72, SEQ ID
NOs: 75 and 76, SEQ ID NOs: 79 and 80, and SEQ ID NOs:
64 and 65; b) identifying any amplified nucleic acid; and ¢)
comparing the sequence to known primate T-lymphotropic
viral sequences, wherein sequence divergence greater than
5% indicates a new virus. Also disclosed are identification
methods wherein the method is a real-time PCR method.

Furthermore, the disclosed methods can be used in con-
junction with probes to detect the presence of amplification
product. Specifically disclosed are fluorescently labeled
probes that can be used to detect the amplification product
of the disclosed methods. For example, a fluorescent probe,
can comprise TTCCCCAAGGCTTCAAAAACAGC-
CCCACGC (SEQ ID NO: 66).

The surface antigen (SU) and transmembrane regions of
env can be used serologically for the identification and
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differentiation of PTLVs (the type specific peptides MTA-1
and K55 are in SU; likewise the p24 region of gag can be
used for the serological identification of PTLV). Thus,
disclosed herein are methods of identitying a PTLV com-
prising contacting a nucleic acid with a set of primers
specific for the surface antigen or transmembrane regions of
env and identifying any amplified nucleic acid.

In addition, the disclosed peptides, polypeptides, proteins
and protein fragments can be used to generate antibodies
that can be used to identify new and known primate T-lym-
photropic viruses. Specifically disclosed are methods of
identifying the presence of a primate T-lymphotropic virus
in a subject comprising taking a tissue sample from the
subject and contacting the sample with an antibody directed
to an HTTV-3 or HTLV-4 peptide, polypeptide, protein, or
protein fragment, wherein the peptide, polypeptide, protein,
or protein fragment can be SEQ ID NO: 37, 38, 39, 40, 41,
42, 43, 44, 46, 48, 50, 54, 55, 56, 57, 58, 60, 62, 67, or 68,
or the polypeptide, protein, or protein fragment encoded by
the nucleic acid of SEQ ID NO: 1, 2, 3, 4, 5, 6, 35, 36, 45,
47,49, 51, 52, 53, 59, 61, 63, or 81, and wherein binding of
the antibody to the sample indicates the presence of a new
or known primate T-lymphotropic virus. The disclosed
methods also can be used to identify new primate T-lym-
photropic viruses as well as detect all primate T-lymphotro-
pic viruses or a group of particular primate T-lymphotropic
viruses. Those of skill in the art will know which antibodies
to use to accomplish their detection goal. For example, to
detect more than one of the known HTLV viruses (HTLV-1,
2, and 3, or HTLV-1, 2, and 4) one can use type specific
peptide of HTLV-1 and HTLV-2 such as SEQ ID NO: 67 and
68.

Also provided is a method of screening a substance for
effectiveness in treating or reducing the severity of the
condition (e.g., HTLV-3 or HTLV-4 infection) comprising:
a) obtaining an animal having the condition or characteristic
(e.g., symptom) of the condition; b) administering the sub-
stance to an animal having one or more characteristics of the
condition; and assaying the animal for an effect on the
condition, thereby identifying a substance effective in reduc-
ing the condition. The ability of a substance to reduce the
severity of a condition can be determined by evaluating the
histological and/or clinical manifestations of the condition
before and after administration of the substance of interest,
and quantitating the degree of reduction of the histological
and/or clinical manifestations of the condition. The animal
in which the condition or characteristic (e.g., symptom) of
the condition is produced can be any mammal, and can
include but is not limited to mouse, rat, guinea pig, hamster,
rabbit, cat, dog, goat, monkey, and chimpanzee. The condi-
tion or characteristic (e.g., symptom) of the condition can be
produced in the animal by any method known in the art. For
example, HTLV-3 or HTLV-4 can be produced by introduc-
ing into the animal (e.g., a chimpanzee infected with
HTLV-3 or HTLV-4 or rhesus macaques or nemestrina
macaques infected with an HTLV-3 or HTLV-4 env on an
SIV backbone. Pullium et al., J. Infectious Dis. 183:1023,
2001) an infectious amount of HTLV-3 or HTLV-4.

The present disclosure also provides a method of screen-
ing for a substance effective in preventing the condition
(e.g., HTLV-3 or HTLV-4 infection) comprising: a) admin-
istering the substance to an animal susceptible to the con-
dition; b) subjecting the animal to treatment that will induce
the condition or characteristic (e.g., symptom) of the con-
dition; and c) assaying cells from the animal for an change
in immune responses as compared to an the immune
responses in a control animal having the condition in the
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absence of the substance identifies a substance that is
effective in preventing the condition.

Also provided is a model for use in screening for sub-
stances effective in treating or preventing a disease com-
prising an animal capable of manifesting a characteristic of
the disease, wherein the animal has been administered the
vector of the disclosure.

Further embodiments are methods of making a model of
HTLV-3 or HTLV-4 infection, comprising obtaining an
animal capable of manifesting a characteristic of the disease,
and administering to said animal one of the vectors disclosed
herein that encodes an antigen associate with the disease.
Also disclosed is a method of screening for a substance
effective in treating a disease associated with an immunizing
construct, the method comprising: a) administering the
substance to the model of the disclosure; and b) assaying for
an change in the course of the disease as compared to an the
course of the disease in a control subject. An improvement
in the course of the disease in the presence of the substance
identifies a substance that is effective in treating the disease.

Still other embodiments are methods of screening for a
substance effective in preventing a disease associated with
an immunizing construct, the method comprising: a) admin-
istering one of the vectors disclosed herein to a subject; b)
subjecting the subject to treatment that will induce the
disease or characteristic (e.g., symptom) of the disease; and
¢) assaying for an change in the course of the disease as
compared to an the course of the disease in a control subject.
An improvement in the course of the disease in the presence
of the substance identifies a substance that is effective in
preventing the disease.

Yet still other embodiments are methods of screening for
a substance effective in treating a disease associated with an
immunizing construct, the methods comprising: a) subject-
ing a subject to treatment that induces the disease or char-
acteristic (e.g., symptom) of the disease; b) administering to
the subject one of the vectors disclosed herein; and c)
assaying for a change in the course of the disease as
compared to an the course of the disease in a control subject.
An improvement in the course of the disease in the presence
of the substance identifies a substance that is effective in
treating the disease.

XXIV. Methods of Using the Disclosed
Compositions as Research Tools

The disclosed compositions can also be used diagnostic
tools related to primate T-lymphotropic diseases such as
HTLV-3 and HTLV-4.

XXV. Methods of Making the Compositions

The compositions disclosed herein and the compositions
necessary to perform the disclosed methods can be made
using any method known to those of skill in the art for that
particular reagent or compound unless otherwise specifically
noted.

XXVI. Processes for Making the Compositions

Disclosed are processes for making the disclosed compo-
sitions as well as making the intermediates leading to the
compositions. For example, disclosed are nucleic acids in
SEQ ID NOs: 1-6, 35, 36, 45, 53, and 81. There are a variety
of methods that can be used for making these compositions,
such as synthetic chemical methods and standard molecular
biology methods.
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In some embodiments, a nucleic acid molecule is pro-
duced by the process of linking in an operative way a nucleic
acid comprising the sequence set forth in SEQ ID NOs: 1-6,
35, and 45 and a sequence controlling the expression of the
nucleic acid. In certain examples, the nucleic acid molecule
is produced by linking in an operative way a nucleic acid
molecule comprising a sequence having 80% identity to a
sequence set forth in SEQ ID NOs: 1-6, 35, and 45, and a
sequence controlling the expression of the nucleic acid. In
other embodiments, the nucleic acid molecule is produced
by linking in an operative way a nucleic acid molecule
comprising a sequence that hybridizes under stringent
hybridization conditions to a sequence set forth SEQ ID
NOs: 1-6, 35, and 45 and a sequence controlling the expres-
sion of the nucleic acid.

In other embodiments, a transformed cell is produced by
transforming the cell with any of the nucleic acids disclosed
herein, for example, any of the non-naturally occurring
nucleic acids disclosed herein. In still other embodiments
the peptides disclosed herein are produced by expressing
any of the disclosed nucleic acids.

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made
and evaluated, and are intended to be purely exemplary and
are not intended to limit the disclosure. Efforts have been
made to ensure accuracy with respect to numbers (e.g.,
amounts, temperature, etc.), but some errors and deviations
should be accounted for. Unless indicated otherwise, parts
are parts by weight, temperature is in ° C. or is at ambient
temperature, and pressure is at or near atmospheric.

Example 1

To determine whether HTLVs are present among indi-
viduals exposed to the blood and body fluids of wild primate
populations (Wolfe et al. 2004a) known to be infected with
STLV (Courgnaud et al. 2004), individuals were examined
from twelve villages in southern Cameroon proximal to both
forested and non-forested NHP habitats. Individuals were
asked to identify and quantify their exposure to NHPs,
which were organized according to three categories reliably
distinguished by this population: chimpanzee, gorilla and
monkey (Wolfe et al. 2004a). A total of 930 who reported
exposure to NHP blood and body fluids, mainly through
hunting and butchering were selected for further analysis.
Plasma specimens from exposed people were screened for
PTLVs using an HTLV-1/2 EIA (ELISA Immunoassay)
capable of detecting antibodies to a broad range of PTLVs,
followed by confirmation with an HTLV Western blot (WB)
assay that can distinguish HTTLV-1 and HTLV-2 (van Dooren
etal. 2004). A total of 97 (10.4%) persons were EIA reactive
of which 90 (9.7%) were also reactive in the WB assay. A
broad range of WB profiles were seen, including HTTV-1-
like (1.1%), HTLV-2-like (0.5%), HTLV-positive but
untypeable (1.4%), and HTLV indeterminate (6.7%).

DNA from peripheral blood mononuclear cells (PBMCs)
available from 86 of the 90 WB reactive samples were then
subjected to PCR amplification of several viral regions. Viral
sequences from 13 persons were obtained using this strategy.
The WB reactivities of these 13 persons is shown in FIG. 1
and included HTLV-1-like (n=9), HTLV-2-like (n=1), and
HTLV indeterminate (n=3) profiles. All 13 HTLV-infected
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persons were exclusively from lowland forest sites, includ- geography than by primate species (Salemi et al 1999,
ing both men and women who often reported multiple Slattery et al. 1999, Gessain & Mahieux 2000), viral
opportunities for contact with the blood and body fluids of sequences were analyzed phylogenetically along with Afri-
NHPs (Table 3). Since PTLV diversity is influenced more by can and global representatives of HTLV and STLV.

TABLE 3

Nonhuman primate exposures for human T-lymphotropic virus (HTLV)-infected central African hunters

NHP Exposure

Hunting Hunt Butcher Pet Reported

D Site HTLV Nearest PTLV Sex Age Technique m ¢ g m ¢ g m ¢ g Injures

1842 LE HTLV-1 Group D - m 32 X
Mandrill clade
1863 LE HTLV-4  Distinct from all m 48 S X X X bitten/
major PTLV scratched
groups by wild
animal
2472 LE  HTLV-1 Group A f 27 X
Cosmopolitan
979 MO HTLV-1 Group B- Central m 30 G X X monkey
African bite
1127 MO HTLV-1 Group D - m 4 g s X X X X
Mandrill clade
1380 MV HTLV-1 Group B- Central f 55 X X X
African
1443 MV HTLV-1 Group B- Central f 71 X X X
African
1503 MV HTLV-1 Group B- Central f 75 X X X
African
1537 MV HTLV-1 Group B- Central m 39 g, s X X wild
African animal
injured
finger
2026 ND  HTLV-3 STLV-3 m 63 S X X
2656 ND  HTLV-1 Group G - Central m 65 G X X X
West Africa
1259 NG  HTLV-1 Group D - m 71 g, s X X bitten/
Mandrill clade scratched
by wild
animal
2810 YI HTLV-1 Group G - Central m 55 S X X
West Africa
*, m = monkey, ¢ = chimpanzee, g = gorilla.
4, PTLV, primate T lymphotropic virus; STLV, simian T-lymphotropic virus
TABLE 4
Nucleotide and Amino Acid Percent Identities!
HTLV-1 HTLV-2 STLV-2 STLV-3 HTLV-3
(ATK) (MoT) (PP1664) (TGE2117)  (2026ND)
HTLV-3,006nv0
Genome (8917-bp)  61.6 62.9 62.6 87.0 —
LTR(697-bp) 48.7 43.7 414 86.7 —
gag (1268-bp) 69.3 (83.2) 694 (80.5) 70.6 (80.7) 87.5(96.0) —
pro (534-bp) 59.7 (62.6) 59.2 (66.7) 594 (59.3) 843 (88.1) —
pol (2670-bp) 62.2 (66.2) 639 (71.2) 63.5(69.9) 86.2(93.1) —
env (1476-bp) 65.9 (73.8) 69.0 (78.2) 67.1 (774) 87.8(95.7) —
tax (1053-bp) 76.3 (81.4) 75.1 (83.4) 744 (80.4) 91.2(974) —
rex (549-bp) 76.9 (61.9) 76.3 (60.6) 75.8 (63.5) 87.6(89.6) —
pX (699-bp) 43.3 50.5 49.8 85.6 —
HTLV-4,563.5
Genome (5320-bp)  64.0 72.2 71.4 66.2 66.1
pro (273-bp)? 71.4 (55.6) 79.5 (28.1) 795 (36.0) 71.8(29.2) 73.3 (31.7)
pol (2549-bp)? 63.6 (68.7) 714 (80.1) 71.0(79.7) 652 (71.7) 64.8 (71.6)
env (1458-bp) 65.8 (75.9) 73.1 (85.3) 72.0 (85.5) 67.2(78.8) 68.5(79.4)

tax (765-bp)2 774 (85.1) 817 (92.6) 794 (92.9) 752 (86.7) 75.0 (86.3)
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TABLE 4-continued

42

Nucleotide and Amino Acid Percent Identities®

HTLV-1 HTLV-2 STLV-2 STLV-3 HTLV-3

(ATK) (MoT) (PP1664)  (TGE2117) (2026ND)
rex (512-bp) 76.0 (63.9) 795 (74.1) 80.7 (68.8) 725 (57.7) 727 (59.4)
pX (559-bp) 46.1 60.8 59.9 53.6 513

! Amino acid identities are in parentheses.
2Only partial sequences are available

Most notable of the findings was the discovery of a human
virus that is distinct from all known PTLV lineages with
26-34% and 18-25% nucleotide divergence in the conserved
pol and tax genes, respectively, a range of nucleotide diver-
gence similar to that seen between HTLV-1, HTLV-2, and
STLV-3 (Meertens et al. 2002; Table 4). This virus formed
a separate phylogenetic lineage with a long branch length
and significant bootstrap support in both the pol (FIG. 2a:
pol tree) and tax trees. Phylogenetic analyses combined with
GenBank blast searches show that this is the only known
virus in this novel group. For these reasons this virus, which
is designated HTLV-4, qualifies as the first member of a
novel species in the deltaretrovirus genus. Following ICTV
guidelines (van Regenmortel 2000) and pending formal
classification, it is proposed that primate T-lymphotropic
virus 4 (PTLV-4) be the name for this species, with PTLV-
4(1863LE) as the prototype strain. HTLV-4 was found in a
48 year old male hunter (1863LE) from the southern forests
of Cameroon who had an HTLV-2-like WB result and
reported hunting monkeys, chimpanzees, and gorillas, and
also being bitten and scratched by a wild animal, although
the animal causing the injury was not specified.

Also documented, with significant phylogenetic bootstrap
support, is the first evidence of human infection within the
PTLV-3 group (FIG. 2a: pol tree). This virus, which is
designated HTLV-3, clusters with STLV-3 viruses present in
West African NHPs as expected (FIG. 2d: LTR tree).
HTLV-3 was found in a 63 year old male (2026ND) from the
southern forests of Cameroon who had an HTLV-1-like WB
result and who reported hunting and butchering of monkeys.
The fact that this virus falls within the diversity of a group
of STLVs first identified in 1994 (Goubau et al 1994)
without evidence of a human counterpart to date, indicates
that this infection was most likely acquired zoonotically
through exposure to the blood or body fluids of a hunted
NHP from this region (Courgnaud et al. 2004).

In addition, broad diversity of HTLV-1 viruses was also
found in this collection. Of the 11 HTLV-1 sequences, two
did not fall within any of the known HTLV-1 subtypes but
clustered clearly within a Glade that included only STLV-1
from central and west Africa (FIG. 2d: LTR tree). One of
these viruses clustered with STLV-1 from monkeys in Cam-
eroon and was from a 65 year-old male (2656ND) from the
southern forest zone of Cameroon. He reported hunting and
butchering of monkeys and kept a gorilla as a pet (Table 3).
The second virus clustered with STLV-1 recently identified
in chimpanzees and red colobus monkeys (Leendertz et al.
2004) and was from a 55 year old male (2810YI) who
reported hunting and butchering of monkeys (Table 3). The
presence of these viruses in hunters, seen previously only
among NHPs, indicates that these persons were infected
zoonotically. This distinct Glade is referred to as HTLV-1
subtype G. Three subjects (1259NG, 1127MO, 1842LE)
from different villages were found to have HTLV-1 subtype
D, viruses known to infect geographically overlapping
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populations of humans and mandrills in central Africa (FIG.
3 LTR tree (Mahieux et al. 1998). Two of the three viruses
were found in hunters (Table 3), providing indirect evidence
of cross-species transmission between humans and man-
drills within subtype D and supporting further the claims of
cross-species transmission of this subtype (Mahieux et al.
1998). These results are consistent with SFV infection from
mandrills that was documented previously in this population
(Wolfe et al 2004) and indicate that the frequent hunting of
mandrills may explain the widespread transmission of man-
drill retroviruses. Five persons (979MO, 1380MV, 1443MV,
1503MV, 1537MV) were infected with HTLV-1 subtype B
viruses, which are known to be endemic among humans in
central Africa and which are believed to have originated
from STLV-1 in this region (Mahieux, R. et al 1997,
Gessain, A. & Mahieux, R 2000; FIG. 3: LTR tree). Thus,
these five new subtype B viruses may have been acquired
either zoonotically from STLV-1-infected primates or from
human-to-human transmission, or both.

Notably, a 71 year old female (1443MV) who reported
butchering gorillas was found to be infected with a virus
most closely related to STLV-1 found in two gorillas from
Cameroon (Nerrienet 2004, Courgnaud et al 2004), although
without significant bootstrap support (FIG. 3 LTR). Inter-
estingly, person 1503MV is also WB positive for SFV
(Wolfe et al 2004), indicating that zoonotic transmission in
an individual is not limited to a single retrovirus and
providing a biological setting for viral recombination and
altered pathogenicity and transmissibility of these viruses.
One person (2472LE) was infected with the HTLV-1 sub-
type A virus, a clade consisting of sequences from only
globally disseminated HTLV-1 and thus this infection was
most likely acquired through human-to-human transmission.
DNA samples from the remaining 73 persons with reactive
WB results were all negative by the generic PCR assay for
tax sequences and four other sequences specific for each
PTLV clade, including HTLV-4. The results demonstrate
that HTLV diversity is far greater than previously under-
stood. The data indicate that contact with the blood and body
fluids of NHPs is a major factor in the emergence of novel
HTLVs, which are known to be transmissible among
humans and have the potential to cause disease. Because the
hunting and butchering of wild NHPs is widespread
throughout central Africa (Bowen-Jones & Pendry 1999)
and STLVs are known to be highly prevalent among hunted
NHPs (Courgnaud et al. 2004), it is suspected that zoonotic
transmission of STLV is not a restricted risk. Since blood
banks in central Africa do not generally screen for HTLV,
further spread of these viruses among central Africans may
be facilitated by blood donations from infected persons. That
HTLV-4 represents a previously unrecognized virus being
transmitted between humans indicates that more substantial
screening for this virus in central African populations is
needed. The finding that both HTLV-4 and HTLV-3 are
serologically indistinguishable from HTLV-1 and HTLV-2 in
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current assays can explain why these viruses have not been
previously identified, and highlight the importance of
improved diagnostic assays. The increasing evidence that
primate hunting is associated with the emergence of a range
of simian retroviruses (Wolfe et al. 2004b) calls for
increased surveillance and follow-up of individuals exposed
to the blood and body fluids of wild NHPs, and for effective
strategies to control the hunting of NHPs.
Methods
Ethical Approvals

Studies were conducted in the context of a community-
based HIV prevention campaign designed to provide infor-
mation using Cameroonian educators and counselors and
therefore to decrease transmission. Participation in the study
was completely voluntary. The study protocol was approved
by the Johns Hopkins Committee for Human Research, the
Cameroon National Ethical Review Board, and the HIV
Tri-Services Secondary Review Board. Questionnaires and
matching samples were anonymized by removing all per-
sonal identifiers to provide an unlinked study population.
Sample Preparation and Serology

Blood was collected from participants, transported to a
central laboratory, processed into plasma and PBMC ali-
quots and stored at -80° C. Initial screening for HTLV
antibodies in serum and plasma samples was performed by
using the Vironostika HTLV-1/2 microelisa system (Or-
ganon-Teknika, Durham, N.C.) following the manufactur-
er’s instructions. Reactive samples were then tested in a WB
test (HTLV Blot 2.4, Genelabs Diagnostics, Singapore) that
contains disrupted HTLV-1 virions, a gp21 recombinant
protein (GD21) common to both HTLV-1 and HTLV-2, and
two HTLV-type specific recombinant envelope (Env) pep-
tides, MTA-1 and K55, which allow serological differentia-
tion of HTLV-1 and HTLV-2, respectively. Samples with
reactivity to the Gag (p24) and Env (GD21) proteins were
considered seropositive. Seropositive samples with reactiv-
ity to MTA-1 or K55 were considered HTLV-1-like or
HTLV-2-like, respectively. Samples with reactivity to either
p24 or GD21 alone or in combination with other HTLV
proteins (FIG. 1) were considered indeterminate.
PCR and Sequence Analysis

DNA was prepared from uncultured PBMCs and its
integrity was confirmed by f-actin PCR as previously
described. All DNA preparation and PCR assays were per-
formed in a laboratory where only human samples are
processed and tested following recommended precautions to
prevent contamination. DNA samples were first screened
with a generic PTLV tax PCR assay capable of detecting
222-bp sequences from each of the three major PTLV groups
(Busch et al. 2000, van Dooren et al. 2004). Sequence
analysis of this tax sequence provided broad genetic classi-
fication into each PTLV group. Phylogenetic resolution
within the PTLV-1 and PTLV-3 groups was done using LTR
sequences as described previously (van Dooren et al. 2004,
Meertens et al. 2001). A portion of the 3' HTLV-1 LTR from
selected samples (1259NG, 1127MO, 1842LE, and 2810Y1)
was amplified by nested PCR using external primers
SVLTRext 5' AACCACCCATTTCCTCCCCATG 3' (SEQ
1D NO: 19; Meertens et al. 2001) and IMNDR1 5' GTCGT-
GAATGAAAGGGAAAGGGGT 3' (SEQ ID NO: 20;
Meertens et al. 2001), and the internal primers Enh280 5'
TGACGACAACCCCTCACCTCAA 3' (SEQ ID NO: 21,
Meertens et al. 2001) and IMNDR2 5" AGGGGTG-
GAACTTTCGATCTGTAA 3'(SEQ ID NO: 22; Meertens et
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al. 2001). The tax (577-bp) and polymerase (pol) (709-bp)
sequences of HTLV-3 and HTLV-4 were amplified by nested
PCR using primers designed from conserved PTLV regions.
The external and internal tax primers are PTLVTPG 5T(C/
T)ACCT(G/A)GGACCCCATCGATGGACG 3' (SEQ ID
NO: 7) and PGTAXR15' GAIGA(T/C)TGI A(C/G)TAC(T/
C)AAAGATGGCTG 3' (SEQ ID NO: 8) and PH2Rrev '
CCTTATCCCTCGICTCCCCTC CTT 3' (SEQ ID NO: 9)
and PGTAXR25' TTIGGG(T/C)AIGGICCGG AAATCAT
3'(SEQ ID NO: 10), respectively. The external and internal
pol primers are PGPOLF1 5' C(T/G)TTAAACCIGA(A/G)
CGCCT CCAGGC 3' (SEQ ID NO: 11) and PGPOLRI1
GG(T/CYA/G)TGIA (A/G)CCA(A/G)(A/G)CIAG(T/G)GG
CCA 3' (SEQ ID NO: 12) and PGPOLF2 5' AC(T/C)TGGT
(C/TYCIT) (GIC)(G/IC)A(A/G)GGCCCTGGAGG 3' (SEQ
ID NO: 13) and PGPOLR2 5' G(A/G)(T/CYA/G)GGIGTIC
CTTTIGAGACCCA3'(SEQ ID NO: 14), respectively. Inos-
ines (I) and wobble bases (N/N) were used to accommodate
areas of heterogeneity (Table 5).

Additional diagnostic PCR with PTLV-specific primers
was carried out on samples with negative results for the
generic 222-bp tax fragments. Assays described previously
were used for PTLV-1 env and STLV-3 LTR (van Dooren et
al. 2004) and HTLV-2 env (Switzer et al. 1995). For HTLV-
4, a new nested PCR assay was developed based on the
HTLV-4 tax sequence using the external primers 1863TF1 5
CTCCTTCTTTCAGTCCGTGCGGAG 3' (SEQ ID NO:
15) and 1863TR1 5' GGGGTAGTCAGGTTTGGCTGG-
TAT 3' (SEQ ID NO: 16) and the internal primers 1863TF2
5' CCTACCGCAACGGATGTCTTGAAA 3' (SEQ ID NO:
17) and 1863TR2 5 TATGGCGCC GGTGTGATGA-
TAAAG 3' (SEQ ID NO: 18) and standard conditions to
generate a 275-bp fragment. Percent nucleotide divergence
was calculated using the Gap program in the Genetic Com-
puter Group’s Wisconsin package. Sequences were aligned
using the Clustal W program, gaps were removed, and
distance-based trees were generated by using the Kimura
two-parameter model in conjunction with the NJ method in
the MEGA program (version 2.1) as described elsewhere
(van Dooren et al 2004). 1000 bootstrap replicates were used
to test the reliability of the final topology of the trees.

Primate Taxonomic Nomenclature

Nomenclature used herein was as described. NHPs were
coded using the first letter of the genus and the first two
letters of the species names with their house names or codes
within parentheses. Cmo=Cercopithecus mona (Mona mon-
key), Cne=C. neglectus (De Brazza’s guenon), Cmi=C. mitis
(Sykes’s monkey), Cni=C. nictitans (greater spot-nosed
guenon), Cae=Chlorocebus species (African green mon-

key), Cpo=C. pogonias (crowned monkey),
Cto=Cercocebus torquatus (red-capped mangabey),
Cag=Cercocebus agilis (agile mangabey),
Mog=Miopithecus  ogouensis  (talapoin  monkey),

Ani=Allenopithecus nigrpyridis (Allen’s swamp monkey),
Msp=Mandrillus sphinx (mandrill (mnd)), Pan=Papio
anubis (olive baboon (bab)), Pcy=P. cynocephalus (yellow
baboon), Pha=P. hamadryas (sacred baboon), Ppu=P. ursi-
nus (chacma baboon), Ppa=P. papio (Guinea baboon),
Pba=Piliocolobus  badius  (red colobus monkey),
Mto=Macaca tonkeana (Celebes macaque), Ptr=Pan trog-
lodytes (chimpanzee), Ppn=Par paniscus (bonobo),
Ggo=Gorilla gorilla (western lowland gorilla).
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TABLE 5
Sequences of primers used for amplifying partial tax, envelope (env), polymerase (pol) and LTR
regions of primate T-cell lymphotropic viruses
Annealing
Expected temp
PCR (e C.),
product No. of
Name Primer sequence® (5' to 3') SEQ ID NO. Location? size (bp) cycles
PHI1F TTGTCATCAGCCCACTTCCCAGG (SEQ ID NO: 23)tax, 7243-7262, outer
PH2R AAGGAGGGGAGTCGAGGGATAAGG (SEQ ID NO: 24)tax, 7478-7455, outer 236 50, 40
PH2F CCCAGGTTTCGGGCAAAGCCTTCT (SEQ ID NO: 25)tax, 7257-7280, inner
PH2R¢ AAGGAGGGGAGTCGAGGGATAAGG (SEQ ID NO: 26)tax, 7478-7455, inner 222 50, 40
PTLVTPG T (C/T)ACCT (G/A) GGACCCCATCGATGGACG (SEQ ID NO: 7) tax, 7480-7504, outer
PGTAXR1  GAIGA(T/C)TGIA(C/G)TAC (T/C)AAAGATGGCTG (SEQ ID NO: 8) tax, 8140-8115, outer 660 45, 40
PH2Rrev CCTTATCCCTCGICTCCCCTCCTT (SEQ ID NO: 9) tax, 7529-7552, inner
PGTAXR2 TTIGGG(T/C) AIGGICCGGAAATCAT (SEQ ID NO: 10)tax, 8106-8085, inner 577 45, 40
PGPOLF1 C(T/G) TTAAACCIGA (A/G) CGCCTCCAGGC (SEQ ID NO: 1ll)pol, 2611-2634, outer
PGPOLR1  GG(T/C) (A/G) TGIA(A/G)CCA(A/G) (A/G)CIAG (SEQ ID NO: 12)pol, 3598-3575, outer 987 45, 40
(T/G) GGCCA
PGPOLF2  AC(T/C)TGGT (C/T) (C/T) (G/C) (G/C)A(A/G) (SEQ ID NO: 13)pol, 2643-2666, inner
GGCCCTGGAGG
PGPOLR2  G(A/G) (T/C) (A/G)GEIGTICCTTTIGAGACCCA (SEQ ID NO: 14)pol, 3352-3329, inner 709 45, 40
PGENVF1 TGGATCCCGTGG (A/C) GI (C/T) TCCTIAA (SEQ ID NO: 27)env, 5114-5136, outer
PGENVRL  GT (A/G) TAIG(C/G) (A/G) (C/G) AIGTCCAIG (SEQ ID NO: 28)env, 5576-5552, outer 462 45, 40
(A/C) (T/C) TGG
PGENVF2  AIAGACC (T/A) (C/T)CAAC (A/T) CCATGGGTAA (SEQ ID NO: 29)env, 5186-5209, inner
PGENVR2  G(A/C) (T/C) TGGCAICCIA(A/G) GTAIGGGCA (SEQ ID NO: 30)env, 5557-5535, inner 371 45, 40
GPLTRF1 (G/A) CCACCAICTIGIGGACAAATAGCTGA (SEQ ID NO: 31)LTR, 8256-8282, outer
GPLTRR2 C(C/T) GGGCCAAGCCTCGCTGCAGGCA (SEQ ID NO: 32)LTR, 8830-8807, outer 575 45, 40
GPLTRF2  ACCIIGGCTCTGACGTCTCTCCCT (SEQ ID NO: 33)LTR, 8333-8356, inner
GPLTRR2 GGCAGIAGAAGTGCTACTTTCGAT (SEQ ID NO: 34)LTR, 8810-8787, inner 478 45, 40

“Inosines and wobble nucleotides were included in the primers to accommodate sequence heterogeneity.

5The positions of the pol, env, and tax primers are given according to human T-cell lymphotropic virus type 1 (strain
the LTR primer positions are given according to the simian T-cell lymphotropic virus type 3

“The primer PH2R is used with PH2F in a semi-nested PCR.

Nucleotide Sequence Accession Numbers
The GenBank accession numbers for the 28 new HTLV
sequences include AY818406 and AY818433.

Example 2

Ancient Origin and Molecular Features of the
Human T-Lymphotropic Virus Type 3 Revealed by
Complete Genome Analysis

Comparison of the HTLV-3(2026ND) Proviral Genome with
Prototypical PTLVs

55

60

Using a combination of primers designed from small 65

sequences obtained in each of the three major genes of
PTLV and the LTR region, the complete genome of HTLV-

ATK) ;
(strain PH969) genome.

3(2026ND) was successfully generated as depicted in FIG.
4. Sequence analysis of the overlapping regions, followed by
comparison with the genetic structure of other PTLVs,
demonstrated that the complete proviral genome of HTLV-
3(2026ND) is 8917-bp. Despite being genetically equidis-
tant from HTLV-1 and HTLV-2, the genomic structure of
HTLV-3(2026ND) was similar to that of other PTLVs and
included the structural, enzymatic, and regulatory proteins
all flanked by long terminal repeats (LTRs). Comparison of
HTLV-3(2026ND) with prototypical PTLV genomes dem-
onstrates that this new human virus is equidistant from the
PTLV-1 (62% identity) and PTLV-2 (63% identity) groups
across the genome. The results also confirm that HTL.V-3 has
the closet nucleotide and protein sequence identity to
STLV-3 (87-92% identity; Table 6).
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TABLE 6

Percent Nucleotide and Amino Acid Identity of HTLV-3(2026ND) with other PTLV Prototypes®

HTLV-1 HTLV-2 STLV-2 STLV-3 STLV-3 STLV-3 STLV-3
(ATK) (MoT) (PP1664) (PH969) (PPAF3)  (CTO604)  (NG409)
Genome 61.6 629 62.6 86.7 92.0 88.4 90.6
LTR 48.7 437 414 86.2 91.1 86.9 86.9
gag 69.3 (83.2) 69.4 (80.5) 70.6 (80.7) 864 (95.5) 91.3 (97.6) 89.4(96.2) 90.6 (96.7)
p19 (74.4) (68.3) (67.2) 95.9) (95.9) 95.9) (94.3)
p24 90.1) (90.1) (90.6) ©8.1) (99.1) (98.6) (99.1)
pls (78.0) (73.8) (72.6) (88.4) (96.5) (90.7) (94.2)
pro 59.7 (62.6) 592 (66.7) 59.4 (59.3) 83.3 (87.0) 88.8 (91.5) 85.0 (89.3) 88.0 (90.4)
pol 62.2(66.2) 639 (71.2) 63.5(69.9) 86.1(92.7) 92.6 (949) 884 (92.9) 920 (92.9)
env 659 (73.8)  69.0 (782) 67.1 (77.4) 88.1(95.1) 923 (95.1) 884 (943) 912 (95.3)
sU? (68.4) (70.7) (69.7) ©2.7) (©7.1) 92.4) (94.0)
T™2 (83.5) (91.6) (91.0) (99.4) (98.9) 97.8) (97.8)
rex 769 (61.9) 763 (60.6) 75.8 (63.5) 87.1 (88.5) 90.9 (94.5) 88.5 (94.0) 883 (92.3)
tax 754 (81.4) 731 (83.4) 723 (80.4) 90.2 (97.4) 940 (983) 91.4(96.6) 92.8 (96.9)

lamino acid identity in parentheses; strain names given in parentheses below PTLV designation

2SU, surface protein; TM, transmembrane protein

The most genetic divergence between the PTLV groups
was seen in the LTR region (52-59%) while the highest
inter-group identity was observed in the highly conserved
regulatory genes, tax and rex (72-77%). Interestingly, within
the PTLV-3 group, HTLV-3(2026ND), which was identified
in a hunter from Cameroon, was unique but shared the most
overall sequence identity to STLV-3(PPAF3) (92%) from a
Senegalese baboon instead of STLV-3(CT0604) (88.4%)
identified in red-capped mangabeys, also from Cameroon.
This relationship is highlighted further by comparison of
HTLV-3(2026ND) with all available full-length STLV-3
genomes in similarity plot analysis where the highest iden-
tity was seen in the highly conserved tax gene. As seen
within other PTLV groups, there was no clear evidence of
genetic recombination of HTLV-3(2026ND) with STLV-3 or
PTLV-1 and PTLV-2 proviral sequences by using bootscan-
ning analysis. HTLV-3(2026ND) was not compared to the
recently reported second strain of HTLV-3 because only two
short sequences were available at GenBank and in these
region this virus has been shown to be nearly identical to
STLV-3(CT0604) (Callatini et al. (2005) Retrovirology.
2:30).

Organization of the TR and Pre-Gag Region

As with STLV-3, the HTLV-3(2026ND) LTR (697-bp)
was smaller than that of HTLV-1 (756-bp) and HTLV-2
(764-bp), by having two and not three of the 21-bp tran-
scription regulatory repeat sequences in the U3 region (FIG.
5a; Meertens and Gessain. (2003) J. Virol 77:782-789;
Meertens et al. (2002) J. Virol. 76:259-268; Van Brussel et
al. (1997) J. Virol. 7:5464-5472; Van Dooren et al. (2004) J.
Gen. Virol. 85:507-519). Other regulatory motifs such as the
polyadenylation signal, TATA box, and cap site were all
conserved in the HTLV-3(2026ND) LTR (FIG. 5a). By
secondary structure analysis of the LTR RNA sequence, a
stable stem loop structure from nucleotides 421-464 (FIG.
5b) was also observed similar to that shown to be essential
for Rex-responsiveness control of viral expression in both
HTLV-1 and HTLV-2.

Analysis of the Genomic Structure of HTLV-3(2026ND)

Translation of predicted protein open reading frames
(ORFs) across the viral genome identified all major Gag,
Pol, Pro (protease), and Env proteins, as well as the regu-
latory proteins, Tax and Rex. Translation of the overlapping
gag and pro and pro and pol ORFs occurs by one or more
successive-1 ribosomal frameshifts that align the different
ORFs. The conserved slippage nucleotide sequence 6(A)-
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8nt-6(G)-11nt-6(C) is present in the Gag-Pro overlap, while
a point mutation in the Pro-Pol overlap slippage sequence
(GTTAAAC (SEQ ID NO: 82) compared to TTTAAAC
(SEQ ID NO: 83) in HTLV-1 and HTLV-2) was observed in
HTLV-3(2026ND) but the asparagine codon (AAC) crucial
for the slippage mechanism was unaffected.

The structural and group specific precursor Gag protein
consisted of 422 amino acids (aa) that is predicted to be
cleaved into the three core proteins pl9 (matrix), p24
(capsid), and p15 (nucleocapsid) similar to HTLV-1, HTLV-
2, and STLV-3. Across PTLVs, Gag was one of the most
conserved proteins with identities ranging from 81% and
83% for HTLV-1 and PTLV-2, to 95% for STLV-3 support-
ing the observed cross-reactivity seen with PTLV-3 antisera
in Western blot assays using HTLV-1 antigens. Within Gag,
the capsid protein showed greater than 90% identity to
HTLV-1, while the matrix and nucleocapsid proteins were
more divergent sharing less than 78% identity to PTLV-1
and PTLV-2 indicating their potential use in serologic assays
for discriminating the three major PTLV groups.

The predicted size of the Env polyprotein is 491 aa, which
is slightly shorter than that found in STLV-3s (313 aa versus
314 and 315 for STLV-3(PH969) and STLV-3(CTO-604)
due to sequence variation at the carboxy terminus of the
surface (SU) protein. In contrast, the transmembrane (TM)
protein (178 aa) was highly conserved across all PTLVs
supporting further the use of the recombinant HTLV-1 GD21
protein spiked onto WB strips for the identification of
divergent PTLVs. Despite the weak reactivity of anti-HTLV-
3(2026ND) antibodies to the HTLV-1 type specific SU
peptide (MTA-1; Wolfe et al. (2005) Proc. Natl. Acad. Sci.
USA. 102:7994-7999) spiked onto WB strips, there was only
70.8% identity of MTA-1 to HTLV-3(2026ND), which is
similar to the 68.8% identity of MTA-1 to HTLV-2, dem-
onstrating no clear correlation of WB profile and predicted
SU sequence.

The HTLV-1 and HTLV-2 Tax proteins (Tax1 and Tax2,
respectively) transactivate initiation of viral replication from
the promoter in the 5' LTR and are thus essential for viral
expression (Feuer and Green. (2005) Oncogene. 24:5996-
6004). Tax1 and Tax2 have also been shown to be important
for T-cell immortalization, while the HTTV-3 Tax (Tax3) has
not yet been characterized (Feuer and Green. (2005) Onco-
gene. 24:5996-6004). Hence, the Tax3 sequences were com-
pared with those of prototypic HTLV-1, PTLV-2, and STLV-
3s to determine if motifs associated with these functional
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characteristics are preserved. Alignment of predicted Tax3
sequences shows excellent conservation of the critical func-
tional regions, including the nuclear localization signal
(NLS), cAMP response element (CREB) binding protein
(CBP)/P300 binding motifs, and nuclear export signal (NES;
HTLV-3 Tax is shown in FIG. 6). The C-terminal transcrip-
tional activating domain (CR2), essential for CBP/p300
binding, was also very conserved except for a single I/'V to
F mutation at position five of the motif compared to HTLV-1
and PTLV-2, respectively. However, this single amino acid
change in the STLV-3 Tax has recently been shown in
transient transfection assays to have no deleterious effect on
viral transactivation (Chevalier et al. (2005) AIDS Res. Hum.
Retrovir. 21:513 (Abs. P174)). Since the predicted CR2
domain is conserved in Tax3, similar transactivation activity
can be seen with HTLV-3.

Interestingly, although these important functional motifs
are highly conserved in PTLV, phenotypic differences of
HTLV-1 and HTLV-2 Tax proteins have been observed
leading to speculation that these differences account for the
different pathologies associated with both HTLVs (Feuer
and Green. (2005) Oncogene. 24:5996-6004). Recently, the
C-terminus of Taxl, and not Tax2, has been shown to
contain a conserved PDZ domain present in cellular proteins
involved in signal transduction and induction of the IL.-2-
independent growth required for T-cell transformation
(Rousset et al. (1998) Oncogene. 6:643-654; Tsubata et al.
(2005) Retrovirol. 2:46). The presence of a PDZ domain in
PTLV-1 and its absence in PTLV-2 indicates a potential role
of this motif in the phenotypic differences of the two viral
groups. The consensus PDZ domain has been defined as
S/TXV-COOH, where the first amino acid is serine or
threonine, X is any amino acid, followed by valine and the
carboxy terminus. Examination of the PTLV-3 Tax
sequences showed that both HTLV-3 and STLV-3 have
predicted PDZ domains with the consensus sequence S(P/
S)V compared to T(E/D)V in PTLV-1 (the HTLV-3 PDZ
domain is shown in FIG. 6).

Besides Tax and Rex, two additional ORFs coding for
four proteins (p27, p12%, p30%, and p13” where 1 and 1I
denote ORFI and ORFII, respectively) have been identified
in the pX region of HTLV-1 (FIG. 4) and are important in
viral infectivity and replication, T-cell activation, and cel-
Iular gene expression (Bindhu et al. (2004) Front. Biosc.
9:2556-2576). Analysis of the pX region of HTLV-3
(2026ND) revealed a total of four putative ORFs (named
I-1V, respectively) coding for 96, 122, 72, and 118 aa in
length. While both ORFIII (72 aa) and ORFIV (118 aa)
shared identity to the ORFII of STLV-3 and HTLV-1 and
STLV-2/HTLV-2, respectively, and each contained two
PXXP motifs, only ORF III was leucine rich like that seen
in the leucine zipper motifs of ORFI p12? (Bindhu et al.
(2004) Fromt. Biosc. 9:2556-2576). However, ORFIII did
not share any sequence homology with p127 and both ORFI
and ORFII shared only weak sequence identity to miscel-
laneous cellular proteins available at GenBank. Interest-
ingly, 22 of 28 (79%) amino acids in ORFIV (pos 64-91)
were identical among the ORFIIs of all PTLVs indicating a
conserved functionality of this motif.

A protein termed the HTLV-1 basic leucine zipper ZIP
(bZIP) factor (HBZ) was recently identified in translation of
the complementary strand of the viral RN A genome between
the env and tax/rex genes (Gaudray et al. (2002) J Virol.
76:12813-12822). Although originally reported to be exclu-
sive to PTLV-1 (Gaudray et al. (2002) J Virol. 76:12813-
12822), HBZ is conserved among PTLVs, including HTLV-
3(2026ND) HTLV-3 HBZ is shown in FIG. 7),
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demonstrating further the potential importance of this pro-
tein in viral replication and oncogenesis. The carboxy ter-
minus of the HBZ ORF contains a 21 aa arginine rich region
that is relatively conserved in PTLV and known cellular
bZIP transcription factors, followed by a leucine zipper
region possessing five or four conserved leucine heptads in
HTLV-1 and all other PTLVs, respectively. PTLV-1 has 5
leucine heptads similar to that found in mammalian bZIP
proteins, while PTLV-1 and PTLV-2 have four leucine
heptads followed by leucine octet. Of all PTLVs with full
length genomes available at GenBank, only HTLV-2(MoT)
did not have the full complement of leucine heptads but was
limited to the initial three leucine motifs due to a one
nucleotide deletion at position 6823 causing a frameshift in
the predicted HBZ sequence.
Phylogenetic Analysis

The genetic relationship of HTLV-3(2026ND) to PTLV-3
was confirmed by using aligned full-length prototype
sequences excluding the LTR region (FIG. 8a). Phylogenetic
analysis inferred three major PTLV groups with very high
bootstrap support (100%) with HTLV-1, HTLV-2 and
HTLV-3 each clustering in separate clades (FIG. 8a). Within
the PTLV-3 phylogroup, HTLV-3(2026ND) formed a sepa-
rate lineage but clustered with high bootstrap support with
STLV-3s from west central Africa (strains CT0604, CTO-
NG409, and PPA-F3) indicating a possible primate origin
for this human infection in this geographic region. The
relationship of HTLV-3 to STLV-3 was supported further by
phylogenetic inference of identical tree topologies using an
alignment of each major gene region (FIG. 856-84). The
phylogenetic stability seen across the PTLV genome also
demonstrates further the absence of major recombination
events occurring in PTLV despite evidence of dual infec-
tions in humans and primates (Courgnaud et al. (2004) J.
Virol. 78:4700-4709), compared to other retroviruses such as
HIV which undergo frequent recombination.
Dating the Origin of HTLV-3(2026ND) and Other PTLVs

The finding of HTLVSs in three distinct clades indicates an
ancient, independent evolution of these viruses. Hence,
additional molecular analyses was undertaken in order esti-
mate the divergence times of the PTLV lineages. Although
others have reported finding a clock-like behavior of
STLV-3 sequences (Meertens and Gessain. (2003) J. Virol.
77:782-789; Meertens et al. (2002) J. Virol. 76:259-268;
Meertens et al. (2003) J. Gen. Virol. 84:2723-2727), these
results were not confirmed and instead found that PTLVs
evolved at different rates by using an alignment of full-
length PTLV genomes sans LTR sequences. However, reli-
able retrovirus divergence times can be obtained by using
nonparametric rate smoothing of the sequences to relax the
stringency of a clock assumption followed by time calibra-
tion of the tree using a value of 40,000-60,000 YA for the
origin of the Melanesian HTLV-1 (Sanderson (2003) Bioin-
formatics. 19:301-2; Switzer et al. (2005) Nature. 434:376-
380; Van Dooren et al. (2004) J. Gen. Virol. 85:507-519). By
using these dates and methods, the mean evolutionary rate
for PTLV was estimated to be 1.12x107° (confidenceinterval
6.82x1077 to 1.56x107°) substitutions/site/year, respec-
tively, which is consistent with rates determined previously
both with and without enforcing a molecular clock (Lemey
et al. (2005) Infect. Gen. Evol. 5:291-298; Meertens and
Gessain. (2003) J. Virol. 77:782-789; Meertens et al. (2002)
J. Virol. 76:259-268; Meertens et al. (2003) J. Gen. Virol.
84:2723-2727; Salemi et al. (2000) Mol. Biol. Evol. 17:374-
386; Van Dooren et al. (2004) J. Gen. Virol. 85:507-519).
The mean evolutionary rate for HTLV-3(2026ND) is esti-
mated to be 9.94x10~7 (confidence interval 6.04x1077 to
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1.38x107%). The PTLV ancestor was estimated to have
originated about 630,000-947,000 YA confirming an archaic
evolution of the primate deltaretroviruses (FIG. 9; Salemi et
al. (2000) Mol. Biol. Evol. 17:374-386). The separation of
PTLV-1 and PTLV-2 occurred about 579,077-867,458 YA,
while HTLV-2 and STLV-2 diverged around 191,621-286,
730 YA (FIG. 9). The origin of all PTLV-3s was estimated
to be between 63,294-94,700 YA with the ancestor of
HTLV-3(2026ND) occurring about 36,087-54,067 YA (FIG.
9) indicating an ancient origin of this virus in humans.
Alternatively, HTLV-3 may represent a recent zoonoses
from a primate infected with a very old, divergent STLV-3.
However, if HTLV-3 is an old human infection, then it
appeared during the same period as the ancestor of both
HTLV-1 and HTLV-2 (40,000-60,000 and 28,800-43,392
YA, respectively) and may have also spread to become
endemic in specific populations yet to be identified.
Discussion

The complete nucleotide sequence and genomic charac-
terization of the first HTTV-3 that is clearly distinct from all
STLV-3s and is genetically equidistant to HTLV-1 and
HTLV-2 is described herein. HTLV-3(2026ND) is also
unique from the second HTLV-3(Pyl43) reported recently in
a Bakola pygmy from Cameroon since the latter strain is
nearly identical to STLV-3 found in a red-capped mangabey,
based on the limited sequence data available for this virus
(Callatini et al. (2005) Retrovirology. 2:30). Although
HTLV-1 and HTLV-2 are pathogenic and have spread glob-
ally to become endemic in different human populations, little
is known about the epidemiology of HTLV-3 infection.
However, detailed, comparative sequence analyses of viral
genomes can help provide important molecular clues to the
origin, evolution, and public health importance of novel
human infections.

Like other PTTLVs, HTLV-3(2026ND) is genetically stable
and its slow evolutionary rate, combined with estimates of
known human migrations, can then be used to infer diver-
gence times for HTLV. The finding that the predecessor of
HTLV-3(2026ND) originated over 30 millennia ago, an age
which is estimated that the ancestors of both HTLV-1 and -2
to have appeared, combined with the wide geographic
distribution of STLVs and the recent finding of another
HTLV-3 in an African pygmy (Callatini et al. (2005) Ret-
rovirology. 2:30; Gessain and Mahieux. (2000) Bull. Soc.
Pathol. Exot. 93:163-171; Meertens and Gessain. (2003) J.
Virol. 77:782-789; Meertens et al. (2002) J. Virol. 76:259-
268; Meertens et al. (2003) J. Gen. Virol. 84:2723-2727;
Takemura et al. (2002) J. Virol. 76:1642-1648; Van Dooren
etal. (2004) J. Gen. Virol. 85:507-519), collectively indicate
that HTLV-3 infection be more frequent than previously
understood. In addition, the archaic age of the ancestral
HTLVs and the recent finding of STLV-like infections in
African hunters collectively imply that cross-species trans-
mission of STLVs to humans is both an ancient and con-
temporary phenomenon coupled to behavior that exposes
humans to nonhuman primates. The ancient origin of HTLV
contrasts with that reported for HIV, which is believed to
have only crossed over into humans from SIV-infected
NHPs within the last century, and indicates a long period of
viral evolution and adaptation in humans possibly resulting
in the observed lower pathogenicity for HTLV compared to
HIV (Hahn et al. (2000) Science 287:607-614; Sharp et al.
(2000) Biochem Soc Trans. 28:275-282).

Screening for HTLV-3 can be facilitated by the applica-
tion of diagnostic serologic and molecular assays based on
the sequences reported here. For example, the data show that
the Gag matrix and nucleocapsid regions and the envelope
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surface protein are relatively conserved within PTLV-3 but
are divergent from PTLV-1 and PTLV-2 and can thus be used
to differentiate the three PTLV groups with serological
methods.

At the molecular level, examination of the genomic
structure showed that the enzymatic, regulatory, and struc-
tural proteins are well preserved in HTLV-3(2026ND),
including conserved functional motifs in Tax important for
viral expression and T-cell proliferation. The finding of a
PDZ domain in the Tax protein of HTLV-3(2026ND), like
that seen in HTLV-1 but not HTLV-2 (Feuer and Green.
(2005) Oncogene. 24:5996-6004), which has been shown to
be important in cellular signal transduction and T-cell trans-
formation (Rousset et al. (1998) Oncogene. 6:643-654;
Tsubata et al. (2005) Retrovirol. 2:46), indicates that the
HTLV-3 Tax is more phenotypically similar to HTLV-1 than
HTLV-2. The high amino acid identity of the PTLV-3 Tax
proteins combined with the ability of STLV-3 to transform
human cells in vitro indicates that the HTLV-3 Tax functions
similarly (Goubau et al. (1994) Proc. Natl. Acad. Sci. USA
91:2848-2852).

In contrast to the tax gene, the HTLV-3(2026ND) LTR has
only two of the three conserved promoters identified in
HTLV-1 and HTLV-2 that are responsible for basal viral
transcription levels and like STLV-3 is missing the TATA-
distal 21-bp repeat element (Meertens and Gessain. (2003)
J. Virol. 77:782-789; Meertens et al. (2002) J. Virol. 76:259-
268; Meertens et al. (2003) J. Gen. Virol. 84:2723-2727; Van
Brussel et al. (1997) J. Virol. 7:5464-5472; Van Dooren et al.
(2004) J. Gen. Virol. 85:507-519). All of the remaining
functional elements in the LTR were conserved, including
the stem loop structure necessary for Rex responsive control
of viral expression in HTLV-1 and -2.

Recently, a HBZ protein was identified in translation of
the complementary strand of the viral RNA genome between
the env and tax/rex genes (Gaudray et al. (2002) J Virol.
76:12813-12822). Protein translation on the minus-strand
RNA is a unique feature of HTLV-1 not previously seen in
retroviruses. HBZ was shown to be involved in the negative
regulation of viral replication (Gaudray et al. (2002) J Virol.
76:12813-12822). The more recent finding of HBZ mRNA
expression in ATL patients indicates a role of HBZ mRNA
in the survival of leukemic cells in vivo and in HTLV-1-
associated oncogenesis (Satou et al. (2006) Proc. Natl. Acad.
Sci. USA. 103:720-725). Although originally reported to be
exclusive to PTLV-1 (Gaudray et al. (2002) J Virol
76:12813-12822), HBZ is conserved among PTLVs, includ-
ing HTLV-3(2026ND), demonstrating further the potential
importance of this protein in viral replication and oncogen-
esis. Of all PTLVs with full length genomes available at
GenBank, only HTLV-2(MoT) did not have the full comple-
ment of leucine heptads in the leucine zipper due to a
frameshift mutation in the predicted HBZ sequence.

In summary, disclosed herein, HTLV-3(2026ND) is
genetically stable and has an ancient origin. HTLV-3
(2026ND) genomic structure is relatively conserved and
contains many of the functional motifs important for the
viral expression and pathology associated with HTTLVs.
Materials and Methods
DNA Preparation and PCR-Based Genome Walking

DNA was prepared from uncultured PBMCs available
from person 2026ND identified in the original PTLV sur-
veillance study in Cameroon reported in detail elsewhere
(Wolfe et al. (2005) Proc. Natl. Acad. Sci. USA. 102:7994-
7999). DNA integrity was confirmed by f-actin polymerase
chain reaction (PCR) as previously described (Wolfe et al.
(2005) Proc. Natl. Acad. Sci. USA. 102:7994-7999). All
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DNA preparation and PCR assays were performed in a
laboratory where only human specimens are processed and
tested according to recommended precautions to prevent
contamination. To obtain the full-length genomic sequence
of HTTLV-3 small regions of each major coding region were
PCR-amplified by using nested PCR and degenerate PTLV
primers. The tax (577-bp) and polymerase (pol) (709-bp)
sequences were amplified by using primers and conditions
provided elsewhere (Wolfe et al. (2005) Proc. Natl. Acad.
Sci.  USA. 102:7994-7999). Envelope (env) (371-bp)
sequences were amplified by using standard PCR conditions
with a 45° C. annealing temperature and the external and
internal primers PGENVF1 5' TGGATCCCGTGG(A/C)GI
(C/T)TCCTIAA 3' (SEQ ID NO: 27) and PGENVRI1 &'
GT(A/G)TAIG(C/GYA/G)C/G)AIGTCCAIG(A/C)(T/C)
TGG 3' (SEQ ID NO: 28) and PFENVF2 5' ATAGACC(T/
A)C/T)YCAAC(A/T)CCATGGGTAA 3' (SEQ ID NO: 29)
and PGENVR2 5 G(A/C)T/C)TGGCAICCIA(A/G)
GTAIGGGCA 3' (SEQ ID NO: 30), respectively. A 398-bp
fragment of the long terminal repeat (LTR) was obtained by
using conserved STLV-3 primers as previously reported
(Wolfe et al. (2005) Proc. Natl. Acad. Sci. USA. 102:7994-
7999).

HTLV-3(2026ND)-specific primers were then designed
from sequences obtained in each of the four viral regions
described above and were used in nested, long-template
PCRs to fill in the gaps in the genome as depicted in FIG.
4 by using an expand high fidelity kit containing both Taq
and Tgo DNA polymerases (Roche). The external and
internal primer sequences for the LTR-pol and pol-env
fragments are 2026LF1 5' GGTAAGATCCCACTGGGTC-
GAGC 3'(SEQ ID NO: 69) and 2026PR1 5' GAAGCCAG-
GTCTCGGGTGACG 3' (SEQ ID NO: 70) and 2026LF2 §'
CGCTCCCCTGGAGCTCTCTCG 3'(SEQ ID NO: 71) and
2026PR2 5' GCCACTTCCCATTGGGCTTTTTGACGG 3'
(SEQ ID NO: 72) and 2026PF3 5' GCTCTCACCGA-
TAAAGTAACAAACG 3' (SEQ ID NO: 73) and 2026ER1
5" GGTAGGAAGAGGCTCCTATGAACAG 3' (SEQ ID
NO: 74) and 2026PF2 5' CAGGACTGCATAACATACGA-
GACCCTCC 3' (SEQ ID NO: 75) and 2026ER3 5' CCTAT-
GAACAGGGTGCATCGACTGGG 3' (SEQ ID NO: 76),
respectively. The external and internal primer sequences
used to obtain about 3 kb of the 3' end of the genome
(env-tax-LTR) are 2026EF1 5' CCTAAGCCCCCCATGTC-
CAGAC 3' (SEQ ID NO: 77) and 2026LR1 5' CGAGA-
GAGCTCCAGGGGAGCG 3' (SEQ ID NO: 78) and
2026EF3 5' CCTACTCCCTGTATGTATTCCCCCATTGG
3' (SEQ ID NO: 79) and 2026LR2 5' GCTCGACCCA-
GTGGGATCTTACCGAGTGG 3 (SEQ ID NO: 80),
respectively.

PCR products were revealed on 1.5% agarose gels stained
with ethidium bromide, purified with a QIAQUICK™ PCR
purification kit (Qiagen) and sequenced in both directions
with a BIGDYE™ terminator cycle kit and automated
sequencers (Applied Biosystems). Selected PCR products
were also cloned into the pCR4-TOPO vector using the
TOPO TA Cloning kit (Invitrogen) and recombinant plasmid
DNA was prepared using the Qiagen plasmid purification kit
prior to automated sequencing.

Sequence and Phylogenetic Analysis

Percent nucleotide divergence was calculated by using the
GAP program in the Genetic Computer Group’s (GCG)
Wisconsin package (Thompson et al. (1994) Nucleic Acids
Res. 22:4673-4680). LTR RNA secondary structure was
determined using the program RNAstructure v4.2 (Mathews
et al. (1999) J. Mol. Biol. 288:911-940). Sequences were
aligned by using the Clustal W program (Womble (2000)
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Methods Mol. Biol. 132:3-22), gaps were removed, and
distance-based trees were generated by using the Kimura
two-parameter model in conjunction with the neighbor-
joining (NJ) method in the MEGA program (version 2.1) and
maximum likelihood (ML) analysis in the PAUP* program
as described in detail elsewhere (Switzer et al. (2005)
Nature. 434:376-380; Wolfe et al. (2005) Proc. Natl. Acad.
Sci. USA. 102:7994-7999). The reliability of the final topol-
ogy of the trees was tested with 1,000 bootstrap replicates.
Comparison of full-length PTLV genomes available at Gen-
Bank was done using HTLV-3(2026ND) as the query
sequence and the F84 (ML) model and a transition/trans-
version ratio of 2.0 implemented in the program SimPlot
(Lole et al. (1999) J. Virol. 73:152-160).

For dating of HTLV-3(2026ND), full-length genomes
from prototypical PTLVs available at GenBank were aligned
with HTLV-3(2026ND) by using Clustal W, gaps were
removed, and minor adjustments in the alignment were
made manually. LTR sequences were excluded from the
analysis since this region does not align accurately in
PTLVs. The best fitting evolutionary model for the aligned
sequences was determined with Modeltest v3.6 (Posada and
Crandall. (1998) Bioinformatics. 14:817-818). The general
time-reversible model, allowing six different substitution
rate categories, with gamma-distributed rate heterogeneity
(1.9724) and an estimated proportion of invariable sites
(0.3687), was determined to be the best fit to the data. Little
substitution saturation was observed in the 7213-bp align-
ment (P<0.0001) as determined with the DAMBE program,
and was therefore satisfactory for use in phylogenetic analy-
ses. Likewise, using the best-fitting evolutionary model
defined above, good phylogenetic signal in the alignment
was also found with likelihood mapping analysis using the
program Tree-Puzzle v5.2.

The molecular clock hypothesis, or constant rate of evo-
Iution, was tested by using the likelihood ratio test with the
likelihoods for the ML and clock-like ML trees obtained in
PAUP*. The clock was tested with the best-fitting evolu-
tionary model estimated in Modeltest, and ML trees were
constructed in PAUP* starting from the NI tree that is
iteratively optimized using two consecutive heuristic
searches with nearest neighbor interchange followed by a
final heuristic search with the tree-bisection-reconnection
algorithm. To adjust for rate heterogeneity among different
PTLV taxa, clock-like ML trees were then transformed into
ultrametric trees using the nonparametric rate smoothing
(NPRS) algorithm in the program TreeEdit (v1.0a10 carbon)
(Sanderson (2003) Bioinformatics. 19:301-2). The branches
of the NPRS tree were then scaled by using a divergence
time of 40,000-60,000 years ago (ya) for the Melanesian
HTLV-1mel lineage based on genetic and archaeological
evidence of when the ancestors of indigenous Melanesians
and Australians migrated from Southeast Asia (Lemey et al.
(2005) Infect. Gen. Evol. 5:291-298; Salemi et al. (2000)
Mol. Biol. Evol. 17:374-386; Salemi et al. (1999) AIDS Rev.
1:131-139). Variance in age estimates (branch lengths) was
determined in PAUP* with 100 bootstrap repetitions by
enforcing topological constraints and using a heuristic
search without branch swapping on the clock-like ML tree.
Branch lengths in all 100 trees were calibrated as before and
average divergence times and confidence intervals (¢=0.05)
were calculated in Excel. The evolutionary rate was esti-
mated based on a known divergence time point of 40,000-
60,000 ya and on the branch length of the ML clock-like tree
according to the formula: evolutionary rate (r)=branch
length (bl)/divergence time (t) (Van Dooren et al. (2004) J.
Gen. Virol. 85:507-519).



US 9,435,000 B2

5§
Nucleotide Sequence Accession Number
The HTLV-3(2026ND) proviral sequence has the Gen-
Bank accession number DQ093792.

Example 3

Generation and Analysis of the Human
T-Lymphotropic Virus Type 4 Complete Genome

The full-length genomic sequence of HTLV-4 (SEQ ID
NO: 81) shown in FIG. 10 was obtained substantially as
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joining (NJ) method in the MEGA program (version 2.1) and
maximum likelihood (ML) analysis in the PAUP* program
as described in detail elsewhere (Switzer et al. (2005)
Nature. 434:376-380; Wolfe et al. (2005) Proc. Natl. Acad.
Sci. USA. 102:7994-7999). The reliability of the final topol-
ogy of the trees was tested with 1,000 bootstrap replicates.
Table 7 shows a comparison of the genetic identity of the
HTLV-3 and HTLV-4 full-length genomes with other PTLV
prototypes. The stem loop structure necessary for Rex
responsive control of viral expression in HTLV-1 and -2 was
retained in HTTLV-4(1863LE), and is shown in FIG. 11.

TABLE 7

Genetic Identity of HTLV-3 and HTLV-4 Genomes with other PTLV Prototypes (strain)

HTLV-1 STLV-1 HTLV-2  STLV-2 STLV-3 STLV-3  HTLV-3 HTLV-3  HTLV-4
(ATK)  (Tam)  (MoT)  (PP1664) (TGE2117) (CTO604) (2026ND) (Pyl43) (1863LE)

HTLV-3

2026ND 61.6 61.6 62.9 62.6 87.1 88.4 — 88.5 632

Pyl43 62.3 62.1 63.1 632 87.7 99.2 88.5 — 63.0

HTLV-4

1863LE 62.0 62.0 70.7 70.8 63.5 63.1 632 63.0 —

described above in Example 2 for the identification if the
HTLV-3 full-length genomic sequence. Briefly, DNA was
prepared from uncultured PBMCs available from a subject
identified in the original PTLV surveillance study in Cam-
eroon reported in detail elsewhere (Wolfe et al. (2005) Proc.
Natl. Acad. Sci. USA. 102:7994-7999). DNA integrity was
confirmed by a-actin polymerase chain reaction (PCR) as
previously described (Wolfe et al. (2005) Proc. Natl. Acad.
Sci. USA. 102:7994-7999). To obtain the full-length
genomic sequence of HTLV-3, small regions of each major
coding region were PCR-amplified using nested PCR and
degenerate PTLV primers.

HTLV-3(2026ND)-specific primers were then designed
from sequences obtained in each of the four viral regions
described above (tax, pol, env, and LTR), and used in nested,
long-template PCRs to fill in the gaps in the genome using
an expand high fidelity kit containing both Taq and Tgo
DNA polymerases (Roche). PCR products were revealed on
1.5% agarose gels stained with ethidium bromide, purified
with a Qiaquick™ PCR purification kit (Qiagen) and
sequenced in both directions with a BigDye™ terminator
cycle kit and automated sequencers (Applied Biosystems).
Selected PCR products were also cloned into the pCR4-
TOPO vector using the TOPO TA Cloning kit (Invitrogen)
and recombinant plasmid DNA was prepared using the
Qiagen plasmid purification kit prior to automated sequenc-
ing.

Percent nucleotide divergence was calculated by using the
GAP program in the Genetic Computer Group’s (GCG)
Wisconsin package (Thompson et al. (1994) Nucleic Acids
Res. 22:4673-4680). LTR RNA secondary structure was
determined using the program RNAstructure v4.2 (Mathews
et al. (1999) J. Mol. Biol. 288:911-940). Sequences were
aligned by using the Clustal W program (Womble (2000)
Methods Mol. Biol. 132:3-22), gaps were removed, and
distance-based trees were generated by using the Kimura
two-parameter model in conjunction with the neighbor-
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For dating of HTLV-4(1863LE), full-length genomes
from prototypical PTLVs available in GenBank were
aligned with HTLV-3(2026ND) and HTLV-4(1863LE)
essentially as described in Example 2 using Clustal W. The
analysis, shown in FIG. 12, again inferred four major
phylogroups with very high bootstrap support, confirming
the genetic relationships that were based on smaller
sequences. Both HTLV-3s again clustered with STLV-3s
supporting a primate origin for these viruses. HTTLV-4 again
formed a new lineage distinct from PTLV-1, PTLV-2, and
PTLV-3. However, the primate origin of HTLV-4 was less
clear since there is not yet a known simian counterpart for
this virus. These results also indicated the absence of genetic
recombination in PTLVs, which is a common mechanism
that leads to increased genetic diversity of HIV.

The finding of HTLVSs in four distinct clades indicated an
ancient, independent evolution of these viruses. Thus, addi-
tional molecular analyses were performed to estimate the
divergence times of the PTLV lineages. FIG. 13 shows the
estimated divergence dates for the most recent common
ancestor of HTLV-3(2026ND), HTLV-4(1863LE) and other
PTLVs. Using the bovine leukemia virus (BLV) as an
outgroup, a substitution rate of 8.6x1077 to 1.3x107% sub-
stitutions/site/year for PTLV was inferred which is 3 logs
lower than that seen in HIV, confirming the genetic stability
of these deltaretroviruses.

Using these substitution rates, molecular dating inferred
an ancient origin for PTLVs hundreds of thousands of years
ago with the most recent common ancestor for each HTLV
group ranging from 30,000 years ago for HTLV-2 to 456,000
years ago for HTLV-4. This finding contrasts with the more
recent origin of HIV-1, which has been estimated to have
occurred within the last century.

The inferred ancient origin for HTLV-3 and HTLV-4
indicates that exposure to these viruses may have been
occurring for millennia, and thus these viruses may be more
prevalent than currently known. Alternatively, HTTV-3 and
HTLV-4 may represent more recent infections with highly
divergent STLVs that have yet to be identified. This is
probably the case for the HTLV-3(Pyl43) strain, since the
high genetic identity of this virus to STLV-3RCM is similar
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to that seen in transmission pairs. Expanded surveillance of
both humans and primates is warranted.

Changes in the molecular structure and genetic sequences
of viruses has been proposed to play a role in the increased
transmissibility and pathogenicity of viruses following
cross-species transmission and adaptation to a new host.
Thus, the genetic structure and sequences of HTLV-3 and
HTLV-4 were examined to determine if the genome was
intact and if important functional motifs involved in viral
expression and HTLV-1-induced leukemogenesis are pre-
served. The Tax proteins of HTLV-3 were also characterized
using in vitro assays to determine if motifs involved in
Tax-mediated leukemogenesis were present and functioning.

While all structural and enzymatic proteins of both
HTLV-3s and HTLV-4 were intact, features that are either
unique or similar to those of other HTLVs were identified
(see Table 8). First, the genomes of HTLV-3 and HTL.V-4 are
shorter than HTLV-1 and HTLV-2 by having only two of
three Tax response elements in the LTRs. However, the loss
of this distal TRE has been shown to not significantly affect
HTLV expression. In addition, only two TREs are present in
STLV-3 and STLV-2 suggesting this difference is not a result
of adaptation to a new host. Likewise, the finding of AP-1
and c-Myb transcription factors in place of the HTLV-3 or
HTLV-4 LTRs is also not unique but are also present in
STLV-3.

Overall, the HTLV-3 Tax protein contains many of the
functional motifs important for viral expression and leuke-
mogenesis attributed to HTLV-1 Tax. Detailed in vitro
analysis confirmed that the HTLV-3 Tax was similar in
function to the HTLV-1 Tax protein, suggesting a pathogenic
potential in HTLV-3-infected persons like that observed in
HTLV-1. The HTLV-3(Pyl43) genome is also shorter by a
366-bp deletion in the pX region that disrupts the HBZ
reading frame suggesting a loss of Tax suppression and
T-cell proliferation believed to be associated with this gene.

TABLE 8

Unique Genetic Features of HTLV Prototypes:
HTLV-3 is more similar to HTLV-1

HTLV-
1 HTLV-2  HTLV-3 HTLV-3 HTLV-4
(ATK) (MoT) (2026ND)*  (Pyl43)** (1863LE)
Genome (bp) 9068 8952 8917 8553 8791
LTR (bp) 756 764 697 695 696
# LTR TREs 3 3 2! 2! 2!
Other LTR  — — AP-1 c-Myb c-Myb
TFs
Tax Yes Yes Yes Yes
trans-
activates
Tax Nucleus Cytoplasm Nucleus
localization
Tax p53 Yes Yes
inhibition
PDZ BD Yes No Yes Yes No
in Tax
HBZ Yes No? Yes No? Yes

1missing distal TRE

’HBZ is present in other HTLV-2

3366-bp deletion in pX

*Switzer et al. J Virol. 2006; 80: 7427-38.
**Calattini et al. J Virol. 2006; 80: 9876-88.
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SEQUENCE LISTING

The nucleic and amino acid sequences listed in the
accompanying sequence listing are shown using standard
letter abbreviations for nucleotide bases, and three letter
code for amino acids, as defined in 37 C.F.R. 1.822. Only
one strand of each nucleic acid sequence is shown, but the
complementary strand is understood as included by any
reference to the displayed strand. The Sequence Listing is
submitted as an ASCII text file, created on Nov. 15, 2013,
110 KB, which is incorporated by reference herein. In the
accompanying sequence listing:
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SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
ID NO:

SEQ
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: 1 (HTLV-3 pol) (pos 2407-5076)
: 2 (HTLV-4 pol) (pos 3-2549)

: 3 (HTLV-3 env) (pos 5069-6544)
: 4 (HTLV-4 env) (pos 2542-3999)

: 5 (HTLV-3 tax)
: 6 (HTLV-4 tax)
: 7 (PTLVTPG)

: 8 (PGTAXR1)

: 9 (PH2Rrev)

10 (PGTAXR2)
11 (PGPOLF1)
12 (PGPOLR1)
13 (PGPOLF2)
14 (PGPOLR2)
15 (1863TF1)
16 (1863TR1)
17 (1863TF2)
18 (1863TR2)
19 (5VLTRext)
20 (IMNDR1)
21 (Enh280)

22 (IMNDR?2)
23 (PHIF)

24 (PH2R)

25 (PH2F)

26 (PH2R)

27 (PGENVF1)
28 (PGENVRI)
29 (PGENVF2)
30 (PGENVR2)
31 (GPLTRF1)
32 (GPLTRR1)
33 (GPLTRF2)
34 (GPLTRR2)

eq (8917 bp)

35 (HTLV-3 gag) (pos 756-2023)
36 (HTLV-3 Complete

SEQ ID NO: 37 (HTLV-3 env amino acid)

SEQ ID NO

1-315)

SEQ ID NO: 39 (HTLV-3 env transmembrane=aa 316-

491)

: 38 (HTLV-3 env surface antigen (SU)=aa

SEQ ID NO: 40 (HTLV-3 gag amino acid)
SEQ ID NO: 41 (HTLV-3 gag pl5=aa 337-422)
SEQ ID NO: 42 (HTLV-3 gag pl9=aa 1-123)
SEQ ID NO: 43 (HTLV-3 gag p24=aa 124-336)
SEQ ID NO: 44 (HTLV-3 pol) amino acid

genome:
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SEQ ID NO: 45 (HTLV-3 LTR) (pos 1-697 & 8221-8917)

SEQ ID NO: 46 (HTLV-3 pro) amino acid

SEQ ID NO: 47 (HTLV-3 pro) (pos 1976-2509)

SEQ ID NO: 48 (HTLV-3 rex) amino acid

SEQ ID NO: 49 (HTLV-3 rex) (pos 5010-5071 . . .
7245-7730)

SEQ ID NO: 50 (HTLV-3 tax) amino acid

SEQ ID NO: 51 (HTLV-3 tax) (pos5069-5071 . . .
7244-8293)

SEQ ID NO: 52 (HTLV-3 pX (pos 6545-7243)

SEQ ID NO: 53 (HTLV-4 pol-env-tax region)

SEQ ID NO: 54 (HTLV-4 env) amino acid

SEQ ID NO: 55 (HTLV-4 env surface antigen (SU)=aa
1-307)

SEQ ID NO: 56 (HTLV-4 env transmembrane=aa 308-
485)

SEQ ID NO: 57 (HTLV-4 pol) amino acid

SEQ ID NO: 58 (HTLV-4 pro) amino acid

SEQ ID NO: 59 (HTLV-4 pro) (pos 1-273)

SEQ ID NO: 60 (HTLV-4 rex) amino acid

SEQ ID NO: 61 (HTLV-4 rex) (pos 2483-2545.4560-
5009)

SEQ ID NO: 62 (HTLV-4 tax) amino acid

SEQ ID NO: 63 (HTLV-4 pX) (pos. 4000-4558)

SEQ ID NO: 64 1863PF1

SEQ ID NO: 65 1863PR2

SEQ ID NO: 66 1863PP2 FAM (fluorescent labeled
probe)

SEQ ID NO: 67 region of HTLV-3 where type specific
peptides of HTLV-1 and HTLV-2 are located

SEQ ID NO: 68 region of HTLV-4 where type specific
peptides of HTLV-1 and HTLV-2 are located

SEQ ID NO: 69 2026LF1

SEQ ID NO: 70 2026PR1

SEQ ID NO: 71 2026LF2

SEQ ID NO: 72 2026PR2

SEQ ID NO: 73 2026PF3

SEQ ID NO: 74 2026ER1

SEQ ID NO: 75 2026PF2

SEQ ID NO: 76 2026ER3

SEQ ID NO: 77 2026EF1

SEQ ID NO: 78 2026LR1

SEQ ID NO: 79 2026EF3

SEQ ID NO: 80 2026L.R2

SEQ ID NO: 81 (HTLV-4(1863LE) Complete genome)

SEQ ID NO: 82 (GTTAAAC)

SEQ ID NO: 83 (TTTAAAC)

SEQ ID NO: 84 HTLV-3 HBZ

<160> NUMBER OF SEQ ID NOS:

<210> SEQ I

D NO 1

<211> LENGTH: 2670

<212> TYPE:

DNA

SEQUENCE LISTING

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

<400> SEQUENCE: 1

ggtccteect gtectagecac ccaagcettat cggattagag cacctteece cgeccccaga 60

agtctctcag ttceccgttaa accagagcgce ctceccaggcetce tgactgacct tttcca 120
g g g gagceg g9 g g g9 g9

gcectggagyg ctaaacatat agaaccctat caaggaccag gcaataacce tatcttecce 180
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64

-continued
gtcaaaaagce ccaatgggaa gtggeggttt attcatgatce tccgggecac aaactccgtce 240
acccgagace tggcettcacce gtccceegge cetecggace ttaccagtet gcecccaagge 300
ctcccacate ttceggacaat tgaccttact gacgecttet tcecaaatccece gctaccaace 360
atttttcage cgtactttgce attcactcte ceccaaccga acaactatgg tcccggaace 420
agatactctt ggagagtact accccagggg ttcaaaaata gtccaacttt atttgaacag 480
caactctccee atatacttac ccctgtgegg aaaaccttte ctaattcect tattatacaa 540
tatatggatg acattctact ggccagecce gecccceggeg agcetagetge tctcaccgat 600
aaagtaacaa acgccttaac aaaggaaggce ctgcccctat ctecggaaaa gactcaggcece 660
actcctggte ccatacattt tcttggacaa gtcatatcece aggactgcat aacatacgag 720
acccteccat ccatcaatgt aaaatccacce tggtcactgg cagaactaca gtccatgcta 780
ggagaattac aatgggtctc taaaggcacc cctgtectcee getcctetet acaccagetce 840
tatctegete tccgaggcca tcgtgaccct cgggatacta taaaattaac ctcaatacag 900
gtacaagcte taagaactat tcagaaggcc ttgaccctaa actgccgaag tagactagta 960
aatcagctgce ccatcttgge ccttataatg cteecggecta caggcaccac ggcagtcecte 1020
ttccaaacaa aacaaaagtg gccactcgte tggttacaca cccctcacce ggctaccagce 1080
ttgcgcccat ggggacaact attggccaac gctgtcatca tcctagacaa atactcacta 1140
caacactatg gccaagtatg caaatcattt catcataaca tctctaatca agccctcact 1200
tactacttac atacatctga ccaatccagc gtagccatcce tattacaaca ctcacacaga 1260
tttcacaatc tcggggcgca gccatcaggg ccatggagaa gectcttaca aatgccccag 1320
attttccaaa acatcgatgt cctaaggcct ccttttacca tctcecgectgt agtcatcaac 1380
catgccecect gtctetttte ggacgggtct gcctccaagg cagcatttat catctgggat 1440
agacaagtca tccaccaaca ggtcctcectcee ctgeccctcaa cectgttcage tcaagcegggg 1500
gaactatttg gcctgttgge aggactacaa aagtctcaac cctgggtggce actaaatata 1560
tttctagatt caaaatttct tatcgggcac ctcaggcgaa tggcattagg ggcctttcca 1620
ggaccatcca cccagtgcga attacacaca cagcttctec ccctgctgca gggaaagact 1680
gtctatgtge accacgtaag gagtcacact cttctgcaag accctatatc ccgcecttaat 1740
gaagccacag atgccctcat gcttgccect ctgttaccece tcgaccccac aactctcecac 1800
cagctcaccce actgtaaccce ttacgcccta cgtaaccatg gagccactgce ctcectgaagcece 1860
catgcaattg tgcaggcatg tcacacatgc aaggtcatca acccacaggg acggttaccc 1920
cagggatata ttcgtcgagg ccatgcccct aatgatatct ggcaagggga cgtcactcac 1980
ctccagtaca agcgatacaa atattgecctg ctggtttggg tagatactta ctccggggceg 2040
gtctetgtgt cctgeccggeg caaggagacce ggctccgact gtgtcecgectce gttacttgtg 2100
gccatcteca ttctaggaaa accacaaaac atcaacaccg ataacggagc tgcgtatctce 2160
tceccaagagt tccaacagtt ttgcaactca cttgccatta aacattcaac ccacattcce 2220
tacaacccca ccagctctgg cttggttgaa agaacaaatg gtattcttaa aactttgatt 2280
tccaaatatc tcctagacaa tcaccacctg ccectggaga cagccgtcte caaatcccte 2340
tggactataa accatcttaa tgtccttcce tcgtgccaaa agactcggtg gcagctacat 2400
caggcccage ccctgectcee cgtccctgaa gacacactece caccccacac atcaccaaaa 2460
tggtattatt ataaaattcc tggtcttacc aactcaaggt ggagtgggcc tgtacaatcc 2520
ctcaaggaag cagcaggagc ggctctcatc ccagtaggtg gaagctatct ctggatcccg 2580
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66

tggcegectee taaaaagggg tatatgecca agacccgaaa geagegcage cgtcgaccca

aaaaccagag accatcaact ccatgggtaa

<210> SEQ ID NO 2
<211> LENGTH: 2549

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

<400> SEQUENCE: 2

ctggcecatat

ccaacggcaa

ttgcctegee

ttcagaccat

cctacttege

ggacagtcct

gegtactagg

acatcctcett

agctattgte

aaatacactt

ccatcccecat

agtgggtcte

tgagaggtct

tccacaacat

cectecttygy

atcataaatg

gggggcacat

gccaactatyg

aaaattcctce

tgggcagaca

aaccccaget

gtetgttete

tcagccageg

tagtcggact

tagactcaaa

catccacaca

atctccacca

ataccgactce

tcacccactyg

aactcgtgea

gccacatecyg

agcacaaacg

cgaaccttac

gtggcgattt

ctececececegge

cgatctcacyg

ctttaccatc

tcceccaagge

cccageccga

ggcatgccce

ctctecatggt

cctgggecaa

taaggcacac

caaggggact

caaagacccc

tcagcaagec

cctcatctte

gecectagte

actecgectge

caaatcattc

tcaccccage

gecaccggga

ccteaggect

tgatgggtct

gteggtecce

cctettggge

gttectcate

ccaccgtete

cacccgeage

tcteattgte

caaccaacag

ggcetgeege

cegeggecac

gacccgatac

tctggaccag

atccatgacc

cccectgate

gacgctttet

ccccagecat

ttcaaaaaca

aaagccttee

tcccageacy

ctceccagttt

atcatacatc

tggaccctga

cctgtectee

cgggacacta

ctgcatcaca

ctcagtccat

tggctecacy

actgtactta

catcataaca

gtcgecatat

cecctggegaa

geattttecce

ccccaaaagg

ctgeceeecee

ttgcaagceyg

cggtacctee

caggcgtece

cacacccaat

gecccegtaa

gecctegttt

acctgtcaaa

ttcccaaacce

tgcctecacy

gcaacaaccc

tcagggccac

ttaccagect

tccagattee

taaatcatgg

gecccacget

ccacatcegt

aactagatca

cccaggaaaa

cagatcacat

ctgaactgca

gagaacacct

tcaccetteg

attgcecgegy

ceggcacgac

ccecceccatec

cccttgacaa

tgtccaccca

taattcacca

ccctecttaca

tatccccagt

ccgectatgt

atgccaataa

cacagcectyg

agtccctege

tgcccacact

tgcctgatee

cccecttgaa

cccacggage

tcattaaccc

acacatggca

tctgggtgga

agtttteect

taatgccatce

gccacaggece

ccteccaaag

gcctgggagc

ctttgagcaa

catcgtccaa

getggecace

aacccaacgc

cacctatgaa

aaccctecty

tcactgtcte

tcatcctcac

tcgecttgac

ctcagtecte

cccgaccage

gtatgccttyg

ggccctacac

catgcatecgyg

actcceggec

ggttatagat

aatttgggac

ctcagcacaa

gccatcecett

ttceggggece

cctecaggge

catctegace

gcctgagggc

cacccctgea

tcaacaccac

aggagatgtc

taccttctca

gttaaaaaac

accactaccce

ttgccecate

cgattccage

aggtacgett

cagctggeca

tacatggacg

cttaccgcac

accccaggaa

accacccceca

ggggagctcc

tactcagect

ctccacgete

tctacgetee

ttccagacaa

ctatgecect

cagcactatg

gatttcgtaa

ttetgtgate

cttetecggy

caggceectt

aaggtcattc

aagggggaat

aacattttcce

ttccaaggat

aaggtcgtgt

ctcaatgaat

ctccatgece

caggctaage

atgccgegty

acccacctta

ggtgcggtat

2640

2670

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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cttgtgtctg caaaaagaaa gaaactagca gcgaccttat caaaaccctce ctacatgcecca 1980
tcteegtget aggcaagcecce ttetctgtta acacggacaa tggacccgcet tacctttcete 2040
aggagttcca cgaattctgt accaccctct gcatcaaaca ctccacccat attccctaca 2100
atccgacaag ttcaggcctg gtggagcgca caaatggcat tctcaagaca ctactataca 2160
aatatttcct agaccaccct gacctcecccce tagaaagegce ggtttcaaag getctcetgga 2220
ccattaacca tttaaatgtc atgcgcccct gtggtaagac tcggtggcag ctccatcaca 2280
ccecececct gectectatt tecgagtcca tacaaaccac tcccaccagg ctacattggt 2340
actattacaa aacccctgga cttaccaacc agcgatggaa agggcccgta caatctctcece 2400
aggaagcagc aggagcagct ctcecttcaag tcagtgacgg ctcgccccag tggatcectt 2460
ggcggetect gaagaagact gtatgcccaa aacccgacga cceccgaaccce gcagggcacyg 2520
tcgaaacaga ccaccaacac catgggtaa 2549
<210> SEQ ID NO 3
<211> LENGTH: 1476
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct
<400> SEQUENCE: 3
atgggtaagt tctgecttta tttctgtett atttacatac tettetetge ctectetgge 60
aatcccagte gatgcaccct gttcatagga gectcettect accactccga cccectgeggg 120
tcegatcace cgcggtgtac ctggagactce gacctatttt ctectcacaag agatcaaage 180
ctaagccccee catgtccaga cttagttact tactcacagt atcataggec ctactccctg 240
tatgtattce cccattggat aaccaaacct aaccgtcgag gectaggtta ctattctget 300
tcctactcag accectgege tatacaatge cettacttag gatgccagtce atggacatgt 360
ccttatacag gcceggtgte cagcccacat tggaaatact cctecgatct taattttace 420
caagaagtat catccatctc cctacacttg cacttttcecca aatgtgggte ctcattctcee 480
tttctactag acgcaccagg atatgatcca gtgtggttece tctectccca ggccacacag 540
geeccaccea cgectgecee tctcatacag gactcagatce tcecaacatat cctagaacct 600
tccatccect ggagctccaa aatcctcaat ctecatcctece ttaccctaaa aagctctaat 660
tattcttgca tggtctgtgt tgaccgctce agectatcett cgtggcatgt tcectatatgac 720
ccacttaaag cccccaatcce acccgacccece aaagcccagt ctattctgeg accctceecta 780
gecatteceyg ccagtaatgt caccccgeca tttecttgga cecattgeta tegecccett 840
ctacaggcca tctectecgga acactgcaat aactccegtag tactgccccee ctttteectg 900
tceccactte ctaacgtcecte cagaccecga aagcegcecgag cagtccccat tgccatatgg 960
ctagtgtcecg cectagcecgge cggcaccggt atagectggeg gagttaccgg ctcececctgtcet 1020
ctggcctecca gtaaaagect actgcgcgaa gtagaccagg atatagatca cctgacgcag 1080
gcgattgtaa aaaaccatga taatatcctt cgggttgctc aatacgcagc ccaaaatcgce 1140
cgtggectag atttactttt ctgggaacaa gggggccttt gtaaggccat ccaagaacaa 1200
tgttgcttce ttaatatcag caacacccat gtgtccgtece tccaggaaag accccccecta 1260
gaaaagagag taatcactgg ctggggactc aactgggacc tcgggctctce ccaatgggece 1320
cgagaggccce ttcagacagg tataacactt ttagcccecttt ttctecctcecect catcgttgta 1380
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ggaccetgeg tcatacgcca gctacaggece ctceccttece gtetgecagea tegeagtcag

ccctactece ttetcaatta tgaaaccaac ttataa

<210> SEQ ID NO 4
<211> LENGTH: 1458

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

<400> SEQUENCE: 4

atgggtaacg
agccggtgta
cagcctttat
cceeectgec
ttceccacact
tctgateett
actggeecetyg
gtcagcegty
atagatgccc
ccaaccecte
tcctgggect
tgtatggtct
atctctagta
cgaccacage
gcaaagtgca
ccteteacta
gcagggacag
cteetgtecyg
caaaacattc
ttctgggaac
agcaataccc
ggatggggcet
ggtattacce
cagctgcaag

cctgagaccee

tactcttectt

caatcacggt

gtacctggge

aaaacctgat

gggtacaaaa

gctecctaca

tctegagece

tctccectaaa

ccggttacga

cgccactagt

ccaagatgcet

gtattgaccyg

atgcceecte

cctteceety

ataattccat

ggcgacgccg

gaatagcagg

aagtggacaa

ttcgagtgge

aaggggggct

atatttcagt

taaattggga

ttttggecct

ccctececca

ctttataa

<210> SEQ ID NO 5
<211> LENGTH: 1053

<212> TYPE:

DNA

aactttattg

aggtatctce

cctegaccett

cacctattcce

gecacteege

atgtcectac

aacttggaga

acttcatttce

tcegetgtygyg

cagcgactca

gaccctcate

cgccagecte

aaaacccatc

gacccattge

catacttcce

ggcegtecca

aggtgtcacc

ggatatttce

ccaatatgec

gtgtaaagcyg

cttacaagag

tctaggacte

ccttetgtta

gaggctacag

gecaccetgyg
tcctaccact
gtgtccatca
aactaccaca
cgggggcttyg
ctaggaagtc
ttcteccacag
tccaaatgtyg
tacctcacat
gacctagage
cacctaacct
tcttectgge
gtcegeccett
tatcaaccac
ccattttcte
gtggeggtet
gggtccttat
cacctcacac
gcccaaaaca
atacaagaac
cgacceecte
tcccagtggy
atcatcatcc

cagcgacctyg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

<400> SEQUENCE: 5

gecatcccagt

ccageeecty

ctaaggacca

agacctactce

gatactactc

aatcatggac

atgtaaattt

gttectectt

ccgagectac

atgtcctgac

tgcagagcac

acgtattata

ceccttgeect

aggtgcaagce

tctcteectt

ggctegttte

cecectggecte

gggccattgt

ggcgagggtt

aatgctgett

tagaaactcyg

ccegtgagge

tcgggeccty

accagtaccce

acttcaggee

cagcccagec

gcetectetac

cctgtatete

agcctectac

ttgccectat

cacccaagaa

aactctgtta

tcaggaacce

tcctteggee

caactattcc

cactcccaac

atcecgeceeyg

tgtaaccacc

gectggtgece

cgetttggee

cagtagaagt

aaaaaaccac

agacctectyg

cctcaacatce

ggtaactact

tctecagact

cattattecge

tctcectecaac

atggcccatt tcccaggttt cggacagage cttctctacg ggtaccctgt ctacgtttte

1440

1476

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1458

60
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ggcgactgtyg tacaggccga ttggtgccce atttetgggg ggetttgtte cgeteggeta 120
caccgecatg ccctactgge cacgtgeccce gaacatcaga ttacctggga ccccatcgat 180
ggacgcegttyg tcagctcage tctacaatac cttatcccte gactccecte cttecccace 240
cagagaacta cccgcaccct caaggttcte acccccccaa ccactgcetge gacccccaag 300
attcctccat ccttetteca cgccgttaaa aaacacacce ccttecgaaa caattgectt 360
gaactcacce tgggagagca gttgccagcece atgtecttece cecgacccectgg getccgacee 420
caaaacatct acaccatgtg gggaagctcce gttgtgtgece tttacctcta tcagetctcee 480
ccececatga cctggectet aatccegeat gttatattet gecatcctga gcagettgga 540
gecttectea ceccgagtcecee taccaaacga ttagaagaac tcectgtataa gatattttta 600
agcacagggg cgataatcat cctgcctgaa aactgtttte caaccaccct gttccaacce 660
acccgegege ccgeggtgca ggcccectgg cacacaggece tgcteccegtyg tcaaaaggaa 720
attgctacce ccgggetcat ttggacttte actgatggea gcecccatgat ttceeggecct 780
tgcceccaaag aaggacagcc atctttagta gtacaatcat ctacatttat ctttcaacaa 840
ttccaaacca aggccagtca ccccgettte ctettgtece acaaactaat ccactactce 900
tcttttecatt ceccteccacct cctectttgag gaatatacaa ctatcccctt ttetctactt 960
tttaatgaaa aaggggcaaa tgtcgatgat gatgagcccc gagacgggtc acaaccacca 1020
gctagaggac aaatagctga gtcaccecgtce tga 1053
<210> SEQ ID NO 6
<211> LENGTH: 765
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct
<400> SEQUENCE: 6
atggcccact tcccaggatt cgggcagage ctectctatg gatacccegt ctatgtgttt 60
ggcgattgtyg ttcaagccga ttggtgccce atctceggtg gattatgetce cecccgecta 120
catcgecacg ccctectgge cacctgeccee gagcaccaga tcacctggga ccccatcgat 180
ggacgagttyg tcggctcegee tctecaatac cttatcecte gectccecte cttecccace 240
caacgaacct ccaagaccct caaagtectt accccaccaa ccactcctgt cacccccaag 300
gtteccaccet cecttettteca gtcegtgegg aggcacagece cctaccgcaa cggatgtett 360
gaaacaacce ttggagagca gctccectece cttgcattte ctgagecagg cctcaggecce 420
caaaacgtct acaccatctg gggaaagacc atagtgtgte tatacatcta ccagetgtce 480
ccteecatga cctggecect cattccecat gtcatatttt gcaaccccag gcagettgge 540
gettttetaa gcaatgtgee ccccaagcga ttagaagaac tcectctacaa actttatcta 600
cacaccggeg ccataatcat cctgccggaa gacgecctge ctaccaccct atttcagect 660
gttegagcac cctgtgtcca aactacctgg aacacaggac ttctcccata ccagccaaac 720
ctgactaccce ctggcctgat atggaccttt aatgatgggt ctcecct 765

<210> SEQ ID NO 7
<211> LENGTH: 25

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct
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<400> SEQUENCE: 7

tyacctrgga ccccatcgat ggacg 25

<210> SEQ ID NO 8

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(26)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 8

gangaytgna stacyaaaga tggctg 26

<210> SEQ ID NO 9

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 9

ccttatcecct cgnctccect ccett 24

<210> SEQ ID NO 10

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(23)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 10

ttngggyang gnccggaaat cat 23

<210> SEQ ID NO 11

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 11

ckttaaaccn garcgcctecc aggce 24

<210> SEQ ID NO 12

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



US 9,435,000 B2

75

-continued

76

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 12

ggyrtgnarc carrcnagkg gcca

<210> SEQ ID NO 13

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 13

acytggtyys sarggccctg gagg

<210> SEQ ID NO 14

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 14

gryrggngtn cctttngaga ccca

<210> SEQ ID NO 15

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 15

ctcettettt cagteegtge ggag

<210> SEQ ID NO 16

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 16

ggggtagtca ggtttggctg gtat

<210> SEQ ID NO 17

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 17

cctaccgcaa cggatgtett gaaa

24

24

24

24

24

24
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<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 18

tatggcgecg gtgtgatgat aaag

<210> SEQ ID NO 19

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 19

aaccacccat ttectececa tg

<210> SEQ ID NO 20

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 20

gtcgtgaatyg aaagggaaag gggt

<210> SEQ ID NO 21

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 21

tgacgacaac ccctcaccte aa

<210> SEQ ID NO 22

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 22

aggggtggaa ctttegatct gtaa

<210> SEQ ID NO 23

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 23

ttgtcatcag cccacttecce agg

24

22

24

22

24

23
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<210> SEQ ID NO 24

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 24

aaggagggga gtcgagggat aagg

<210> SEQ ID NO 25

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 25

cccaggttte gggcaaagece ttet

<210> SEQ ID NO 26

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 26

aaggagggga gtcgagggat aagg

<210> SEQ ID NO 27

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(23)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 27

tggatccegt ggmgnytcct naa

<210> SEQ ID NO 28

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 28

gtrtangsrs angtccangm ytgg

<210> SEQ ID NO 29

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

24

24

24

23

24
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<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 29

anagaccwyc aacwccatgg gtaa

<210> SEQ ID NO 30

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(23)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 30

gmytggcanc cnargtangg gca

<210> SEQ ID NO 31

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(27)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 31

rccaccanct ngnggacaaa tagctga

<210> SEQ ID NO 32

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 32

cygggecaag cctegetgea ggea

<210> SEQ ID NO 33

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 33
accnnggete tgacgtetet cect
<210> SEQ ID NO 34

<211> LENGTH: 24
<212> TYPE: DNA

24

23

27

24

24
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)...

(24)

<223> OTHER INFORMATION: n = inosine

<400> SEQUENCE: 34

ggcagnagaa gtgctacttt
<210> SEQ ID NO 35

<211> LENGTH: 1268
<212> TYPE: DNA

cgat

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 35

atgggaaaga cttatagctce

attcaccact ggctgaactt

ttcgatttce accagttacg

aatcccatta attactctgt

catgaaatag tggccatcct

ccgetagecayg aggaccctca

cagtgectee ccatccttea

aaggatctcc aggctattaa

atgcagacta tacgcttgge

ctcctacagt acctgtgete

ctcatagete aggcggaaac

cgaatacagyg ccaacaatcc

ttatcggect ttteegecct

cagggacctyg aagaaccctt

ggcctteceyg aaggaaccce

aacaaggagt gccaaaaact

atgctcaggyg cctgccaaac

cctaaaaaaa ctcecctecccee

agcagagatt gtaaacagcc

acccactgga agcgggactg

ctcctagace tgccctgtga

gaggatta

<210> SEQ ID NO 36

<211> LENGTH: 8917
<212> TYPE: DNA

cccaataaac

cctecagget

aaagtttcta

cctegecgga

aattcaagag

aaagccteca

ccececatggy

acaggaagtc

tgtccagcaa

ttecttagtt

ccaaggtata

aaatcaacaa

cceggggaac

tggctetttt

caaagatcca

cctacaggec

ttggacgeee

gaaccagcca

teggeccect

cccacagtta

agcacccaat

cctatcceccca

gegtaccgac

aaacttgcta

ctcatcccaa

accectgeac

ccctateeeg

gecccagecy

agctctteeg

tttgatccca

gecteectge

acaggatata

gggctecgaa

accaaggacc

gtagaaagac

atccttaggt

cgaggacaaa

cgagataaaa

tgcttecget

cegggecect

aaaacagata

gtcegggaac

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

aagccccaaa

tgcagccagyg

ttaagaccce

aaaactaccce

dggaggegcec

agcaggcgca

ctcateggee

ccectggtag

cagcaaaaga

accatcagca

acccectgge

aagaatatca

ccacctggge

tcaatgtgge

ccctegecta

ccaacagccc

acaaaatact

gcgggcaagt

geceegtgtyg

ccagagacag

gaaaaaactc

ggggctagea
gecttetgaa
ggtatggtta
cggcagggtt
ccegteaget
ggaggcatct
ctggcaaatg
cccecagtte
tctecacgat
acttgagacc
cggecectta
gaacctgtgg
agctatccte
tttagataat
ttcaaatgct
gctaggggaa
aatggtacaa
aggtcattgg
tcaggatcce
cgaggaccta

ctcagggggy

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 36

24

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1268
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tgtcgatgat gatgagcccce gagacgggtce acaaccacca gctagaggac aaatagctga 60
gtcaccegte tgagaaccgt ctcacaccgg gattgtgccce aaaaagaaca ccggggctcet 120
gacgtctete cctaccctgg ctceccggaaa aaaccaaaaa ccacccattt cctcecatgttt 180
gectaaaget ctgacgataa ccctaaaaaa tttgactage aaataaagaa ccctgggecce 240
tataaaaggg gagagcaacc taaaaatggg atccctttte tgcacctege caacccectee 300
tctggecacyg gtcecgacttt ggtcattect gectacctga atcgecgett cgggatcgag 360
ccatcectet tectatttggt ggcacttege geactcecegece gecttecact cggtaagate 420
ccactgggte gagctaggcece atcaccectg ggecgctecee ctggagetet ctcegegegge 480
tcttaaggtt gctceccecte agcaaaggge ccagggettt ctctacttece ttgtttcaag 540
tctetttett tggeggtega cctaaatcga aagtagcact tcetgetgtca gcagegagge 600
ttggeccagg gccagegect gtaaggttac ccagetcgga gttgggtcete tagagaatca 660
gggctaaage tgctagccct aggaaagaag gcaaacaggt gggggcetegt cegggattga 720
tcacctctet gtatttgecce tteccctgteg aageccatggg aaagacttat agctccccaa 780
taaaccctat ccccaaagcce ccaaaggggce tagcaattca ccactggetg aacttcectcee 840
aggctgcegta ccgactgcag ccagggectt ctgaattcga tttcecaccag ttacgaaagt 900
ttctaaaact tgctattaag accccggtat ggttaaatce cattaattac tctgtecteg 960
ccggactcat cccaaaaaac taccccggca gggttcatga aatagtggcce atcctaattce 1020
aagagaccce tgcacgggag gcgccceegt cagetcecget agcagaggac cctcaaaagce 1080
ctccacccta tecccgagcag gcegcaggagg catctcagtg cctcecccate cttcacccece 1140
atggggcccce agccgctcecat cggccctgge aaatgaagga tctccagget attaaacagg 1200
aagtcagctc ttccgccect ggtagceccce agttcatgca gactatacge ttggetgtcece 1260
agcaatttga tcccacagca aaagatctcce acgatctect acagtacctg tgctcttect 1320
tagttgcctce cctgcaccat cagcaacttg agaccctcat agctcaggcg gaaacccaag 1380
gtataacagg atataacccc ctggccggcec ccttacgaat acaggccaac aatccaaatc 1440
aacaagggct ccgaaaagaa tatcagaacc tgtggttatc ggccttttece gecctecegg 1500
ggaacaccaa ggaccccace tgggcagcta tectcecaggg acctgaagaa cectttgget 1560
cttttgtaga aagactcaat gtggctttag ataatggcct tcccgaagga acccccaaag 1620
atccaatcct taggtcccte gectattcaa atgctaacaa ggagtgccaa aaactcectac 1680
aggcccgagg acaaaccaac agcccgctag gggaaatget cagggectge caaacttgga 1740
cgccecgaga taaaaacaaa atactaatgg tacaacctaa aaaaactcct cccccgaace 1800
agccatgett cecgctgcggg caagtaggtce attggagcag agattgtaaa cagcctcecggce 1860
ccecteeggg cccctgecce gtgtgtcagg atcccaccca ctggaagegyg gactgeccac 1920
agttaaaaac agataccaga gacagcgagg acctactcct agacctgcecce tgtgaagcac 1980
ccaatgtceg ggaacgaaaa aactcctcag ggggggagga ttagectcece cccgaaccat 2040
actcccecectt atacctttgt cccagcagaa gcagcctacce ctgcatatcce aggtatcgtt 2100
ttccaacacc cccectgtta gegttcagge gctectcecgac actggagcag acatcactgt 2160
cctececggece tgcttatgece ctecccgatte caacctecag gacaccactg tectaggtgce 2220
aggcgggcca agtaccaaca agtttaaaat cctgcccetgt ccagtccata tceccacttgece 2280
ttttcgaagg cagccggtga ccctaaccge ttgcctaatt gatattaaca accagtggac 2340
catattaggg cgagatgccc tacaacaatg tcaaagttcc ctctatctgg ctgaccaacc 2400
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ctctaaggtc ctccectgtec tagcacccaa gcttatcgga ttagagcacce ttcecccccgece 2460
cccagaagtce tctcagttece cgttaaacca gagcgcctcece aggctctgac tgacctggtt 2520
tccagggccce tggaggctaa acatatagaa ccctatcaag gaccaggcaa taaccctatce 2580
ttccecegtca aaaagcccaa tgggaagtgg cggtttattce atgatctcececg ggccacaaac 2640
tcegtcacce gagacctgge ttcaccgtce cceggceecte cggaccttac cagtctgecce 2700
caaggcctcece cacatctteg gacaattgac cttactgacg ccttcecttceca aatcccgeta 2760
ccaaccattt ttcagccgta ctttgcattc actctccccce aaccgaacaa ctatggtccce 2820
ggaaccagat actcttggag agtactaccc caggggttca aaaatagtcc aactttattt 2880
gaacagcaac tctcccatat acttaccecct gtgcggaaaa cctttcectaa ttececttatt 2940
atacaatata tggatgacat tctactggcc agccccgecce ccggcgagcet agctgctcete 3000
accgataaag taacaaacgc cttaacaaag gaaggcctge ccctatctece ggaaaagact 3060
caggccactc ctggtcccat acattttctt ggacaagtca tatcccagga ctgcataaca 3120
tacgagaccce tcccatccat caatgtaaaa tccacctggt cactggcaga actacagtcce 3180
atgctaggag aattacaatg ggtctctaaa ggcacccctg tectececgcte ctetctacac 3240
cagctctatce tecgctcteeg aggccatcgt gacccteggg atactataaa attaacctca 3300
atacaggtac aagctctaag aactattcag aaggccttga ccctaaactg ccgaagtaga 3360
ctagtaaatc agctgcccat cttggcecctt ataatgctcce ggcecctacagg caccacggca 3420
gtcectecttec aaacaaaaca aaagtggcca ctcecgtcectggt tacacacccce tcacccggcet 3480
accagcttge gecccatgggg acaactattg gccaacgcetg tcatcatcct agacaaatac 3540
tcactacaac actatggcca agtatgcaaa tcatttcatc ataacatctc taatcaagcc 3600
ctcacttact acttacatac atctgaccaa tccagcgtag ccatcctatt acaacactca 3660
cacagatttc acaatctcgg ggcgcagcca tcagggccat ggagaagcct cttacaaatg 3720
cceccagattt tccaaaacat cgatgteccta aggcecctcectt ttaccatcte gectgtagte 3780
atcaaccatg ccccectgtet ctttteggac gggtctgect ccaaggcage atttatcatce 3840
tgggatagac aagtcatcca ccaacaggtc ctctccecctge cctcaacctg ttcagctcaa 3900
gcgggggaac tatttggcect gttggcagga ctacaaaagt ctcaaccctg ggtggcacta 3960
aatatatttc tagattcaaa atttcttatc gggcacctca ggcgaatggce attaggggcce 4020
tttccaggac catccaccca gtgcgaatta cacacacagce ttctcecceccceet getgcaggga 4080
aagactgtct atgtgcacca cgtaaggagt cacactcttc tgcaagaccce tatatcccgce 4140
cttaatgaag ccacagatgc cctcatgctt gccecctetgt taccecctcga ccccacaact 4200
ctccaccage tcacccactg taacccttac gcectacgta accatggagce cactgcctcet 4260
gaagcccatyg caattgtgca ggcatgtcac acatgcaagg tcatcaaccc acagggacgg 4320
ttaccccagg gatatatteg tcgaggccat gcccctaatg atatctggca aggggacgtce 4380
actcacctcce agtacaagcg atacaaatat tgcctgetgg tttgggtaga tacttactcce 4440
ggggcggtet ctgtgtecctg ccggcgcaag gagaccggcet ccgactgtgt cgectcegtta 4500
cttgtggcca tctcecattet aggaaaacca caaaacatca acaccgataa cggagctgceg 4560
tatctctecce aagagttcca acagttttge aactcacttg ccattaaaca ttcaacccac 4620
attccctaca accccaccag ctectggettg gttgaaagaa caaatggtat tcecttaaaact 4680
ttgatttcca aatatctcecct agacaatcac cacctgcccce tggagacagce cgtctccaaa 4740
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tcectetgga ctataaacca tettaatgte cttecctegt geccaaaagac teggtggcag 4800
ctacatcagg cccagccect gectceegte cctgaagaca cactcccacce ccacacatca 4860
ccaaaatggt attattataa aattcctggt cttaccaact caaggtggag tgggcctgta 4920
caatcccectca aggaagcagce aggagcggct ctcatcccag taggtggaag ctatctetgg 4980
atccegtgge gectectaaa aaggggtata tgeccaagac ccgaaagcag cgcagecgte 5040
gacccaaaaa ccagagacca tcaactccat gggtaagttc tgecctttatt tctgtcttat 5100
ttacatactc ttctcectgect cctcectggcaa tcccagtega tgcaccctgt tcataggagce 5160
ctcttectac cactceccgacce cctgegggte cgatcacccg cggtgtacct ggagactcega 5220
cctattttet ctcacaagag atcaaagcct aagcccccca tgtccagact tagttactta 5280
ctcacagtat cataggccct actccctgta tgtattccce cattggataa ccaaacctaa 5340
ccgtcgaggce ctaggttact attctgectte ctactcagac ccctgecgcta tacaatgecce 5400
ttacttagga tgccagtcat ggacatgtcc ttatacaggc ccggtgtcca gcccacattg 5460
gaaatactcc tccgatctta attttaccca agaagtatca tceccatcteccce tacacttgcea 5520
cttttccaaa tgtgggtecct cattctectt tctactagac gcaccaggat atgatccagt 5580
gtggttccte tecteccagg ccacacaggce cccacccacg cctgcecceccecte tcatacagga 5640
ctcagatctc caacatatcc tagaaccttce catccccetgg agctccaaaa tectcaatct 5700
catcctectt accctaaaaa gctctaatta ttecttgcatg gtcectgtgttg accgctecag 5760
cctatctteg tggcatgtte tatatgacce acttaaagcc cccaatccac ccgaccccaa 5820
agcccagtcet attctgcgac cctceccectage cattccecgec agtaatgtca ccccgccatt 5880
tcettggace cattgctate geccecttcet acaggccatce tectcggaac actgcaataa 5940
ctccgtagta ctgccccect tttecectgte cccacttect aacgtcectceca gacccecgaaa 6000
gcgecgagcea gteccccattg ccatatgget agtgtceccgec ctageggecg gcaccggtat 6060
agctggcegga gttaccgget ccecctgtectcet ggectceccagt aaaagcctac tgcgcgaagt 6120
agaccaggat atagatcacc tgacgcaggc gattgtaaaa aaccatgata atatccttcg 6180
ggttgctcaa tacgcagccce aaaatcgccg tggcctagat ttacttttcect gggaacaagg 6240
gggcctttgt aaggccatce aagaacaatg ttgcttcecctt aatatcagca acacccatgt 6300
gteegtecte caggaaagac cccccctaga aaagagagta atcactgget ggggactcaa 6360
ctgggacctc gggctcteece aatgggcccg agaggccectt cagacaggta taacactttt 6420
agcccttttt ctectecteca tegttgtagg accctgegte atacgccage tacaggccect 6480
ccettecegt ctgcagcatce gcagtcagce ctactcectt ctcaattatg aaaccaactt 6540
ataacagatc tgctacctcc tgtagcagga ggctatggct ctcgecctcta ctagacaccce 6600
aagtacagca taatcctgaa gaatccecctt cgatgtcgac geccctggccce caacagtcca 6660
tataccaaaa gtattcctcect aaagattcct cgcagcctge gegtagcectge tggctctece 6720
gctccaaaaa gtctatatag ccctctagta agtcacaaaa cccctcgaac cccaacatgt 6780
ctatacagtc cagttgctgt cgcctttcecct ttttectgect cttectcectee tecagetcett 6840
cgecggcacct tctceccgacge tettectttt tttttegtte tecgccaataa ctcagcagtt 6900
gctectgete ctgagcaagg tcatccagec gactcttceca ataacccagg tcecttactge 6960
tagatcctaa gggccgtecce cggggtegtt tgccattcecce ctgaagcatg tcecatttgat 7020
ccctacctga tetctcacat aagtttaaca aagtttccac aggtgtaaga ggctcectcetg 7080
cagtcaacac cggcggtecce agactccgag atcgggaagt caaactgect ccagaagtag 7140
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aaatgcagga atataccaca ggcacagttc ctgggattgc agtctccggg gctaggacag 7200
gcatctgect aaagtaacct acaaaagttt tattcccttg tcagcccatt tcccaggttt 7260
cggacagagc cttctctacg ggtaccctgt ctacgttttce ggcgactgtg tacaggccga 7320
ttggtgccece atttetgggg ggctttgtte cgctecggceta caccgccatg cectactggce 7380
cacgtgcccce gaacatcaga ttacctggga ccccatcgat ggacgcgttg tcagctcagce 7440
tctacaatac cttatcccte gactccecte cttecccace cagagaacta cccgcaccct 7500
caaggttctc acccccccaa ccactgetge gacccccaag attcectccat ccecttcetteca 7560
cgccgttaaa aaacacaccc ccttceccgaaa caattgectt gaactcacce tgggagagca 7620
gttgccagec atgtcecttcee ccgaccetgg gectcecgacee caaaacatct acaccatgtg 7680
gggaagctcecc gttgtgtgce tttacctcecta tcagctctec ccccccatga cctggectet 7740
aatcccgecat gttatattet gecatcctga gcagcecttgga gecttectceca ccecgagtece 7800
taccaaacga ttagaagaac tcctgtataa gatattttta agcacagggg cgataatcat 7860
cctgectgaa aactgtttte caaccaccct gttceccaacce acccgegcege ccgcggtgca 7920
ggcececctgg cacacaggce tgctceccegtg tcaaaaggaa attgctaccce ccgggctceat 7980
ttggactttc actgatggca gccccatgat ttcecggecect tgccccaaag aaggacagcce 8040
atctttagta gtacaatcat ctacatttat ctttcaacaa ttccaaacca aggccagtca 8100
ccecgettte ctettgtece acaaactaat ccactactcece tettttcatt cectccacct 8160
cctectttgag gaatatacaa ctatccecctt ttcectctactt tttaatgaaa aaggggcaaa 8220
tgtcgatgat gatgagcccce gagacgggtce acaaccacca gctagaggac aaatagctga 8280
gtcaccecgte tgagaaccgt ctcacaccgg gattgtgcec aaaaagaaca ccggggctcet 8340
gacgtctecte cctaccectgg cteccggaaa aaaccaaaaa ccacccattt cctcecatgttt 8400
gcctaaaget ctgacgataa ccctaaaaaa tttgactagce aaataaagaa ccctgggcecce 8460
tataaaaggg gagagcaacc taaaaatggg atcccttttce tgcacctcge caacccctcece 8520
tctggecacg gtccgacttt ggtcattcecct gcecctacctga atcgeccgcett cgggatcgag 8580
ccatcecctet tetatttggt ggcacttcecge gcactceccegece gecttceccact cggtaagatce 8640
ccactgggtc gagctaggcc atcacccctg ggecgctece ctggagctet ctegegeggce 8700
tcttaaggtt gctcccecte agcaaagggce ccagggcettt ctctacttece ttgtttcaag 8760
tctetttett tggcggtega cctaaatcga aagtagcact tcectgctgtca gcagcgaggce 8820
ttggcccagg gccagcgect gtaaggttac ccagctcegga gttgggtcte tagagaatca 8880
gggctaaagc tgctagccct aggaaagaag gcaaaca 8917

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 37
H: 491
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: Description of Artificial Sequence;

note=

<400> SEQUE:

synthetic construct

NCE: 37

Met Gly Lys Phe Cys Leu Tyr Phe Cys Leu Ile Tyr Ile Leu Phe Ser

1

Ala Ser Ser

Ser Tyr His

5

10

15

Gly Asn Pro Ser Arg Cys Thr Leu Phe Ile Gly Ala Ser

20

25

30

Ser Asp Pro Cys Gly Ser Asp His Pro Arg Cys Thr Trp
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94

Arg

Cys

65

Tyr

Tyr

Leu

Pro

Ser

145

Phe

Gln

Asp

Leu

225

Pro

Arg

Trp

Cys

Asn

305

Leu

Gly

Gln

Ile

Leu

385

Cys

Arg

Asp

Thr

Leu

50

Pro

Val

Tyr

Gly

His

130

Ile

Leu

Ala

Leu

Asn

210

Cys

Leu

Pro

Thr

Asn

290

Val

Val

Ser

Asp

Leu

370

Leu

Cys

Pro

Leu

Leu
450

35

Asp

Asp

Phe

Ser

Cys

115

Trp

Ser

Leu

Thr

Gln

195

Leu

Val

Lys

Ser

His

275

Asn

Ser

Ser

Leu

Ile

355

Arg

Phe

Phe

Pro

Gly
435

Leu

Leu

Leu

Pro

Ala

100

Gln

Lys

Leu

Asp

Gln

180

His

Ile

Asp

Ala

Leu

260

Cys

Ser

Arg

Ala

Ser

340

Asp

Val

Trp

Leu

Leu
420

Leu

Ala

Phe

Val

His

85

Ser

Ser

Tyr

His

Ala

165

Ala

Ile

Leu

Arg

Pro

245

Ala

Tyr

Val

Pro

Leu

325

Leu

His

Ala

Glu

Asn

405

Glu

Ser

Leu

Ser

Thr

70

Trp

Tyr

Trp

Ser

Leu

150

Pro

Pro

Leu

Leu

Ser

230

Asn

Ile

Arg

Val

Arg

310

Ala

Ala

Leu

Gln

Gln

390

Ile

Lys

Gln

Phe

Leu

55

Tyr

Ile

Ser

Thr

Ser

135

His

Gly

Pro

Glu

Thr

215

Ser

Pro

Pro

Pro

Leu

295

Lys

Ala

Ser

Thr

Tyr

375

Gly

Ser

Arg

Trp

Leu
455

40

Thr

Ser

Thr

Asp

Cys

120

Asp

Phe

Tyr

Thr

Pro

200

Leu

Leu

Pro

Ala

Leu

280

Pro

Arg

Gly

Ser

Gln

360

Ala

Gly

Asn

Val

Ala
440

Leu

Arg

Gln

Lys

Pro

105

Pro

Leu

Ser

Asp

Pro

185

Ser

Lys

Ser

Asp

Ser

265

Leu

Pro

Arg

Thr

Lys

345

Ala

Ala

Leu

Thr

Ile
425

Arg

Leu

Asp

Tyr

Pro

90

Cys

Tyr

Asn

Lys

Pro

170

Ala

Ile

Ser

Ser

Pro

250

Asn

Gln

Phe

Ala

Gly

330

Ser

Ile

Gln

Cys

His

410

Thr

Glu

Ile

Gln

His

75

Asn

Ala

Thr

Phe

Cys

155

Val

Pro

Pro

Ser

Trp

235

Lys

Val

Ala

Ser

Val

315

Ile

Leu

Val

Asn

Lys

395

Val

Gly

Ala

Val

Ser

60

Arg

Arg

Ile

Gly

Thr

140

Gly

Trp

Leu

Trp

Asn

220

His

Ala

Thr

Ile

Leu

300

Pro

Ala

Leu

Lys

Arg

380

Ala

Ser

Trp

Leu

Val
460

45

Leu

Pro

Arg

Gln

Pro

125

Gln

Ser

Phe

Ile

Ser

205

Tyr

Val

Gln

Pro

Ser

285

Ser

Ile

Gly

Arg

Asn

365

Arg

Ile

Val

Gly

Gln
445

Gly

Ser

Tyr

Gly

Cys

110

Val

Glu

Ser

Leu

Gln

190

Ser

Ser

Leu

Ser

Pro

270

Ser

Pro

Ala

Gly

Glu

350

His

Gly

Gln

Leu

Leu
430

Thr

Pro

Pro

Ser

Leu

95

Pro

Ser

Val

Phe

Ser

175

Asp

Lys

Cys

Tyr

Ile

255

Phe

Glu

Leu

Ile

Val

335

Val

Asp

Leu

Glu

Gln
415
Asn

Gly

Cys

Pro

Leu

80

Gly

Tyr

Ser

Ser

Ser

160

Ser

Ser

Ile

Met

Asp

240

Leu

Pro

His

Pro

Trp

320

Thr

Asp

Asn

Asp

Gln

400

Glu

Trp

Ile

Val



US 9,435,000 B2
95

-continued

Ile Arg Gln Leu Gln Ala Leu Pro Ser Arg Leu Gln His Arg Ser Gln
465 470 475 480

Pro Tyr Ser Leu Leu Asn Tyr Glu Thr Asn Leu
485 490

<210> SEQ ID NO 38

<211> LENGTH: 315

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 38

Met Gly Lys Phe Cys Leu Tyr Phe Cys Leu Ile Tyr Ile Leu Phe Ser
1 5 10 15

Ala Ser Ser Gly Asn Pro Ser Arg Cys Thr Leu Phe Ile Gly Ala Ser
20 25 30

Ser Tyr His Ser Asp Pro Cys Gly Ser Asp His Pro Arg Cys Thr Trp
Arg Leu Asp Leu Phe Ser Leu Thr Arg Asp Gln Ser Leu Ser Pro Pro
50 55 60

Cys Pro Asp Leu Val Thr Tyr Ser Gln Tyr His Arg Pro Tyr Ser Leu
65 70 75 80

Tyr Val Phe Pro His Trp Ile Thr Lys Pro Asn Arg Arg Gly Leu Gly
85 90 95

Tyr Tyr Ser Ala Ser Tyr Ser Asp Pro Cys Ala Ile Gln Cys Pro Tyr
100 105 110

Leu Gly Cys Gln Ser Trp Thr Cys Pro Tyr Thr Gly Pro Val Ser Ser
115 120 125

Pro His Trp Lys Tyr Ser Ser Asp Leu Asn Phe Thr Gln Glu Val Ser
130 135 140

Ser Ile Ser Leu His Leu His Phe Ser Lys Cys Gly Ser Ser Phe Ser
145 150 155 160

Phe Leu Leu Asp Ala Pro Gly Tyr Asp Pro Val Trp Phe Leu Ser Ser
165 170 175

Gln Ala Thr Gln Ala Pro Pro Thr Pro Ala Pro Leu Ile Gln Asp Ser
180 185 190

Asp Leu Gln His Ile Leu Glu Pro Ser Ile Pro Trp Ser Ser Lys Ile
195 200 205

Leu Asn Leu Ile Leu Leu Thr Leu Lys Ser Ser Asn Tyr Ser Cys Met
210 215 220

Val Cys Val Asp Arg Ser Ser Leu Ser Ser Trp His Val Leu Tyr Asp
225 230 235 240

Pro Leu Lys Ala Pro Asn Pro Pro Asp Pro Lys Ala Gln Ser Ile Leu
245 250 255

Arg Pro Ser Leu Ala Ile Pro Ala Ser Asn Val Thr Pro Pro Phe Pro
260 265 270

Trp Thr His Cys Tyr Arg Pro Leu Leu Gln Ala Ile Ser Ser Glu His
275 280 285

Cys Asn Asn Ser Val Val Leu Pro Pro Phe Ser Leu Ser Pro Leu Pro
290 295 300

Asn Val Ser Arg Pro Arg Lys Arg Arg Ala Val
305 310 315
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-continued

<210> SEQ ID NO 39

<211> LENGTH: 176

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 39

Pro Ile Ala Ile Trp Leu Val Ser Ala Leu Ala Ala Gly Thr Gly Ile

Ala Gly Gly Val Thr Gly Ser Leu Ser Leu Ala Ser Ser Lys Ser Leu

Leu Arg Glu Val Asp Gln Asp Ile Asp His Leu Thr Gln Ala Ile Val
35 40 45

Lys Asn His Asp Asn Ile Leu Arg Val Ala Gln Tyr Ala Ala Gln Asn
50 55 60

Arg Arg Gly Leu Asp Leu Leu Phe Trp Glu Gln Gly Gly Leu Cys Lys
65 70 75 80

Ala Ile Gln Glu Gln Cys Cys Phe Leu Asn Ile Ser Asn Thr His Val
85 90 95

Ser Val Leu Gln Glu Arg Pro Pro Leu Glu Lys Arg Val Ile Thr Gly
100 105 110

Trp Gly Leu Asn Trp Asp Leu Gly Leu Ser Gln Trp Ala Arg Glu Ala
115 120 125

Leu Gln Thr Gly Ile Thr Leu Leu Ala Leu Phe Leu Leu Leu Ile Val
130 135 140

Val Gly Pro Cys Val Ile Arg Gln Leu Gln Ala Leu Pro Ser Arg Leu
145 150 155 160

Gln His Arg Ser Gln Pro Tyr Ser Leu Leu Asn Tyr Glu Thr Asn Leu
165 170 175

<210> SEQ ID NO 40

<211> LENGTH: 422

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 40

Met Gly Lys Thr Tyr Ser Ser Pro Ile Asn Pro Ile Pro Lys Ala Pro
1 5 10 15

Lys Gly Leu Ala Ile His His Trp Leu Asn Phe Leu Gln Ala Ala Tyr

Arg Leu Gln Pro Gly Pro Ser Glu Phe Asp Phe His Gln Leu Arg Lys
35 40 45

Phe Leu Lys Leu Ala Ile Lys Thr Pro Val Trp Leu Asn Pro Ile Asn
50 55 60

Tyr Ser Val Leu Ala Gly Leu Ile Pro Lys Asn Tyr Pro Gly Arg Val
65 70 75 80

His Glu Ile Val Ala Ile Leu Ile Gln Glu Thr Pro Ala Arg Glu Ala
85 90 95

Pro Pro Ser Ala Pro Leu Ala Glu Asp Pro Gln Lys Pro Pro Pro Tyr
100 105 110

Pro Glu Gln Ala Gln Glu Ala Ser Gln Cys Leu Pro Ile Leu His Pro
115 120 125

His Gly Ala Pro Ala Ala His Arg Pro Trp Gln Met Lys Asp Leu Gln
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-continued

100

130 135

Ala Ile Lys Gln Glu Val Ser Ser Ser Ala

145

150

Met Gln Thr Ile Arg Leu Ala Val Gln Gln

165 170

Asp Leu His Asp Leu Leu Gln Tyr Leu Cys

180 185

Leu His His Gln Gln Leu Glu Thr Leu Ile

195 200

Gly Ile Thr Gly Tyr Asn Pro Leu Ala Gly
210 215

Asn Asn Pro Asn Gln Gln Gly Leu Arg Lys

225

230

Leu Ser Ala Phe Ser Ala Leu Pro Gly Asn

245 250

Ala Ala Ile Leu Gln Gly Pro Glu Glu Pro

260 265

Arg Leu Asn Val Ala Leu Asp Asn Gly Leu

275 280

Asp Pro Ile Leu Arg Ser Leu Ala Tyr Ser
290 295

Gln Lys Leu Leu Gln Ala Arg Gly Gln Thr

305

310

Met Leu Arg Ala Cys Gln Thr Trp Thr Pro

325 330

Leu Met Val Gln Pro Lys Lys Thr Pro Pro

340 345

Arg Cys Gly Gln Val Gly His Trp Ser Arg

355 360

Pro Pro Pro Gly Pro Cys Pro Val Cys Gln
370 375

Arg Asp Cys Pro Gln Leu Lys Thr Asp Thr

385

390

Leu Leu Asp Leu Pro Cys Glu Ala Pro Asn

405 410

Ser Ser Gly Gly Glu Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

420

SEQ ID NO 41

LENGTH: 86

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
note=synthetic construct

SEQUENCE: 41

Leu Met Val Gln Pro Lys Lys Thr Pro Pro

1

5 10

Arg Cys Gly Gln Val Gly His Trp Ser Arg

20 25

Pro Pro Pro Gly Pro Cys Pro Val Cys Gln

35 40

Arg Asp Cys Pro Gln Leu Lys Thr Asp Thr

50

55

Pro

155

Phe

Ser

Ala

Pro

Glu

235

Thr

Phe

Pro

Asn

Asn

315

Arg

Pro

Asp

Asp

Arg

395

Val

Artificial Sequence;

Pro

Asp

Asp

Arg

140

Gly

Asp

Ser

Gln

Leu

220

Tyr

Lys

Gly

Glu

Ala

300

Ser

Asp

Asn

Cys

Pro

380

Asp

Arg

Asn

Cys

Pro

Asp
60

Ser

Pro

Leu

Ala

205

Arg

Gln

Asp

Ser

Gly

285

Asn

Pro

Lys

Gln

Lys

365

Thr

Ser

Glu

Gln

Lys

Thr

45

Ser

Pro

Thr

Val

190

Glu

Ile

Asn

Pro

Phe

270

Thr

Lys

Leu

Asn

Pro

350

Gln

His

Glu

Arg

Pro

Gln

30

His

Glu

Gln

Ala

175

Ala

Thr

Gln

Leu

Thr

255

Val

Pro

Glu

Gly

Lys

335

Cys

Pro

Trp

Asp

Lys
415

Cys
15
Pro

Trp

Asp

Phe

160

Lys

Ser

Gln

Ala

Trp

240

Trp

Glu

Lys

Cys

Glu

320

Ile

Phe

Arg

Lys

Leu

400

Asn

Phe

Arg

Lys

Leu



US 9,435,000 B2
101 102
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Leu Leu Asp Leu Pro Cys Glu Ala Pro Asn Val Arg Glu Arg Lys Asn
65 70 75 80

Ser Ser Gly Gly Glu Asp
85

<210> SEQ ID NO 42

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 42

Met Gly Lys Thr Tyr Ser Ser Pro Ile Asn Pro Ile Pro Lys Ala Pro
1 5 10 15

Lys Gly Leu Ala Ile His His Trp Leu Asn Phe Leu Gln Ala Ala Tyr
20 25 30

Arg Leu Gln Pro Gly Pro Ser Glu Phe Asp Phe His Gln Leu Arg Lys
35 40 45

Phe Leu Lys Leu Ala Ile Lys Thr Pro Val Trp Leu Asn Pro Ile Asn
50 55 60

Tyr Ser Val Leu Ala Gly Leu Ile Pro Lys Asn Tyr Pro Gly Arg Val
65 70 75 80

His Glu Ile Val Ala Ile Leu Ile Gln Glu Thr Pro Ala Arg Glu Ala
85 90 95

Pro Pro Ser Ala Pro Leu Ala Glu Asp Pro Gln Lys Pro Pro Pro Tyr
100 105 110

Pro Glu Gln Ala Gln Glu Ala Ser Gln Cys Leu
115 120

<210> SEQ ID NO 43

<211> LENGTH: 213

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 43

Pro Ile Leu His Pro His Gly Ala Pro Ala Ala His Arg Pro Trp Gln
1 5 10 15

Met Lys Asp Leu Gln Ala Ile Lys Gln Glu Val Ser Ser Ser Ala Pro
20 25 30

Gly Ser Pro Gln Phe Met Gln Thr Ile Arg Leu Ala Val Gln Gln Phe
35 40 45

Asp Pro Thr Ala Lys Asp Leu His Asp Leu Leu Gln Tyr Leu Cys Ser
50 55 60

Ser Leu Val Ala Ser Leu His His Gln Gln Leu Glu Thr Leu Ile Ala
65 70 75 80

Gln Ala Glu Thr Gln Gly Ile Thr Gly Tyr Asn Pro Leu Ala Gly Pro
85 90 95

Leu Arg Ile Gln Ala Asn Asn Pro Asn Gln Gln Gly Leu Arg Lys Glu
100 105 110

Tyr Gln Asn Leu Trp Leu Ser Ala Phe Ser Ala Leu Pro Gly Asn Thr
115 120 125

Lys Asp Pro Thr Trp Ala Ala Ile Leu Gln Gly Pro Glu Glu Pro Phe
130 135 140
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104

Gly Ser Phe Val Glu Arg Leu Asn Val Ala

145

150

Glu Gly Thr Pro Lys Asp Pro Ile Leu Arg

165 170

Ala Asn Lys Glu Cys Gln Lys Leu Leu Gln

180 185

Ser Pro Leu Gly Glu Met Leu Arg Ala Cys

195 200

Asp Lys Asn Lys Ile
210

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 889

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
note=synthetic construct

SEQUENCE: 44

Gly Pro Pro Cys Pro Ser Thr Gln Ala Tyr

1

5 10

Pro Ala Pro Arg Ser Leu Ser Val Pro Val

20 25

Ala Leu Thr Asp Leu Val Ser Arg Ala Leu

35 40

Pro Tyr Gln Gly Pro Gly Asn Asn Pro Ile

50

55

Asn Gly Lys Trp Arg Phe Ile His Asp Leu

65

70

Thr Arg Asp Leu Ala Ser Pro Ser Pro Gly

85 90

Leu Pro Gln Gly Leu Pro His Leu Arg Thr

100 105

Phe Phe Gln Ile Pro Leu Pro Thr Ile Phe

115 120

Thr Leu Pro Gln Pro Asn Asn Tyr Gly Pro
130 135

Arg Val Leu Pro Gln Gly Phe Lys Asn Ser

145

150

Gln Leu Ser His Ile Leu Thr Pro Val Arg

165 170

Leu Ile Ile Gln Tyr Met Asp Asp Ile Leu

180 185

Gly Glu Leu Ala Ala Leu Thr Asp Lys Val

195 200

Glu Gly Leu Pro Leu Ser Pro Glu Lys Thr
210 215

Ile His Phe Leu Gly Gln Val Ile Ser Gln

225

230

Thr Leu Pro Ser Ile Asn Val Lys Ser Thr

245 250

Gln Ser Met Leu Gly Glu Leu Gln Trp Val

260 265

Leu Arg Ser Ser Leu His Gln Leu Tyr Leu

275 280

Leu Asp Asn Gly Leu
155

Ser Leu Ala Tyr Ser
175

Ala Arg Gly Gln Thr
190

Gln Thr Trp Thr Pro
205

Artificial Sequence;

Arg Ile Arg Ala Pro
15

Lys Pro Glu Arg Leu
30

Glu Ala Lys His Ile
45

Phe Pro Val Lys Lys
60

Arg Ala Thr Asn Ser
75

Pro Pro Asp Leu Thr
95

Ile Asp Leu Thr Asp
110

Gln Pro Tyr Phe Ala
125

Gly Thr Arg Tyr Ser
140

Pro Thr Leu Phe Glu
155

Lys Thr Phe Pro Asn
175

Leu Ala Ser Pro Ala
190

Thr Asn Ala Leu Thr
205

Gln Ala Thr Pro Gly
220

Asp Cys Ile Thr Tyr
235

Trp Ser Leu Ala Glu
255

Ser Lys Gly Thr Pro
270

Ala Leu Arg Gly His
285

Pro
160
Asn

Asn

Arg

Ser

Gln

Glu

Pro

Val

80

Ser

Ala

Phe

Trp

Gln

160

Ser

Pro

Lys

Pro

Glu

240

Leu

Val

Arg
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106

Asp
Arg
305

Asn

Thr

Ala
Gln
385

Tyr

Arg

Arg

Leu

465

Arg

Ala

Gln

Gly

Gln

545

Ser

Pro

Ala

Gln

625

Gln

Asp

Trp

Glu

Pro

290

Thr

Gln

Ala

Thr

Asn

370

Val

Tyr

Ser

Ser

Pro

450

Phe

Gln

Gln

Pro

His

530

Cys

Tyr

Arg

Leu

Leu

610

Ala

Gly

Val

Val

Thr
690

Arg

Ile

Leu

Val

Pro

355

Ala

Cys

Leu

His

Leu

435

Pro

Ser

Val

Ala

Trp

515

Leu

Glu

Val

Leu

Asp

595

Arg

Cys

Tyr

Thr

Asp
675

Gly

Asp

Gln

Pro

Leu

340

His

Val

Lys

His

Arg

420

Leu

Phe

Asp

Ile

Gly

500

Val

Arg

Leu

His

Asn

580

Pro

Asn

His

Ile

His
660

Thr

Ser

Thr

Lys

Ile

325

Phe

Pro

Ile

Ser

Thr

405

Phe

Gln

Thr

Gly

His

485

Glu

Ala

Arg

His

His

565

Glu

Thr

His

Thr

Arg
645
Leu

Tyr

Asp

Ile

Ala

310

Leu

Gln

Ala

Ile

Phe

390

Ser

His

Met

Ile

Ser

470

Gln

Leu

Leu

Met

Thr

550

Val

Ala

Thr

Gly

Cys

630

Arg

Gln

Ser

Cys

Lys Leu Thr Ser Ile Gln Val Gln Ala
295 300

Leu Thr Leu Asn Cys Arg Ser Arg Leu
315

Ala Leu Ile Met Leu Arg Pro Thr Gly
330 335

Thr Lys Gln Lys Trp Pro Leu Val Trp
345 350

Thr Ser Leu Arg Pro Trp Gly Gln Leu
360 365

Leu Asp Lys Tyr Ser Leu Gln His Tyr
375 380

His His Asn Ile Ser Asn Gln Ala Leu
395

Asp Gln Ser Ser Val Ala Ile Leu Leu
410 415

Asn Leu Gly Ala Gln Pro Ser Gly Pro
425 430

Pro Gln Ile Phe Gln Asn Ile Asp Val
440 445

Ser Pro Val Val Ile Asn His Ala Pro
455 460

Ala Ser Lys Ala Ala Phe Ile Ile Trp
475

Gln Val Leu Ser Leu Pro Ser Thr Cys
490 495

Phe Gly Leu Leu Ala Gly Leu Gln Lys
505 510

Asn Ile Phe Leu Asp Ser Lys Phe Leu
520 525

Ala Leu Gly Ala Phe Pro Gly Pro Ser
535 540

Gln Leu Leu Pro Leu Leu Gln Gly Lys
555

Arg Ser His Thr Leu Leu Gln Asp Pro
570 575

Thr Asp Ala Leu Met Leu Ala Pro Leu
585 590

Leu His Gln Leu Thr His Cys Asn Pro
600 605

Ala Thr Ala Ser Glu Ala His Ala Ile
615 620

Lys Val Ile Asn Pro Gln Gly Arg Leu
635

Gly His Ala Pro Asn Asp Ile Trp Gln
650 655

Tyr Lys Arg Tyr Lys Tyr Cys Leu Leu
665 670

Gly Ala Val Ser Val Ser Cys Arg Arg
680 685

Val Ala Ser Leu Leu Val Ala Ile Ser
695 700

Leu

Val

320

Thr

Leu

Leu

Gly

Thr

400

Gln

Trp

Leu

Cys

Asp

480

Ser

Ser

Ile

Thr

Thr

560

Ile

Leu

Tyr

Val

Pro

640

Gly

Val

Lys

Ile
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Leu Gly Lys
705

Ser Gln Glu

Thr His Ile

Asn Gly Ile

755

His Leu Pro
770

His Leu Asn
785

Gln Ala Gln

Thr Ser Pro

Arg Trp Ser

835

Leu Ile Pro
850

Lys Arg Gly
865

Lys Thr Arg

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Gln Asn Ile Asn
710

Phe Gln Gln Phe Cys

725

Pro Tyr Asn Pro Thr

740

Leu Lys Thr Leu Ile

760

Leu Glu Thr Ala Val

775

Val Leu Pro Ser Cys
790

Pro Leu Pro Pro Val

805

Lys Trp Tyr Tyr Tyr

820

Gly Pro Val Gln Ser

840

Val Gly Gly Ser Tyr

855

Ile Cys Pro Arg Pro
870

Asp His Gln Leu His

885
D NO 45
H: 697

DNA

Thr Asp Asn
715

Asn Ser Leu
730

Ser Ser Gly
745

Ser Lys Tyr

Ser Lys Ser

Gln Lys Thr
795

Pro Glu Asp
810

Lys Ile Pro
825

Leu Lys Glu

Leu Trp Ile

Glu Ser Ser

875

Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Gly Ala Ala

Ala Ile Lys

Leu Val Glu

750

Leu Leu Asp
765

Leu Trp Thr
780

Arg Trp Gln

Thr Leu Pro

Gly Leu Thr

830

Ala Ala Gly
845

Pro Trp Arg
860

Ala Ala Val

Tyr Leu
720

His Ser
735

Arg Thr

Asn His

Ile Asn

Leu His

800

Pro His

815

Asn Ser

Ala Ala

Leu Leu

Asp Pro
880

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 45

tgtcgatgat

gtcaccegte

gacgtetete

gectaaaget

tataaaaggg

tctggecacy

ccatccectcet

ccactgggte

tcttaaggtt

tctetttett

ttggcccagy

gggctaaage

<210> SEQ I

<211> LENGT.
<212> TYPE:

gatgagccce

tgagaaccgt

cctacectygyg

ctgacgataa

gagagcaacc

gtcegacttt

tctatttggt

gagctaggece

getecececte

tggcggtcga

gecagegect

tgctageect

D NO 46

H: 177
PRT

gagacgggte
ctcacaccgyg
ctceccggaaa
ccctaaaaaa
taaaaatggg
ggtcattect
ggcacttecge
atcacccetyg
agcaaagggc
cctaaatcga

gtaaggttac

aggaaagaag

acaaccacca

gattgtgcce

aaaccaaaaa

tttgactage

atccctttte

gectacctga

gecactccgee

ggcegetece

ccagggettt

aagtagcact

ccagctegga

gcaaaca

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

gctagaggac
aaaaagaaca
ccacccattt
aaataaagaa
tgcacctege
atcgcegett
gecttecact
ctggagetet
ctctacttee
tctgctgtea

gttgggtete

aaatagctga

ceggggetet

ccteatgttt

cecctgggece

caacccectee

cgggatcgag

cggtaagatc

ctegegegge

ttgtttcaag

gcagcgagge

tagagaatca

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

60

120

180

240

300

360

420

480

540

600

660

697
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<400> SEQUENCE: 46

Ser Thr Gln Cys Pro Gly Thr Lys Lys Leu Leu Arg Gly Gly Gly Leu
1 5 10 15

Ala Ser Pro Arg Thr Ile Leu Pro Leu Ile Pro Leu Ser Gln Gln Lys
20 25 30

Gln Pro Thr Leu His Ile Gln Val Ser Phe Ser Asn Thr Pro Pro Val
35 40 45

Ser Val Gln Ala Leu Leu Asp Thr Gly Ala Asp Ile Thr Val Leu Pro

Ala Cys Leu Cys Pro Pro Asp Ser Asn Leu Gln Asp Thr Thr Val Leu
65 70 75 80

Gly Ala Gly Gly Pro Ser Thr Asn Lys Phe Lys Ile Leu Pro Cys Pro
85 90 95

Val His Ile His Leu Pro Phe Arg Arg Gln Pro Val Thr Leu Thr Ala
100 105 110

Cys Leu Ile Asp Ile Asn Asn Gln Trp Thr Ile Leu Gly Arg Asp Ala
115 120 125

Leu Gln Gln Cys Gln Ser Ser Leu Tyr Leu Ala Asp Gln Pro Ser Lys
130 135 140

Val Leu Pro Val Leu Ala Pro Lys Leu Ile Gly Leu Glu His Leu Pro
145 150 155 160

Pro Pro Pro Glu Val Ser Gln Phe Pro Leu Asn Gln Ser Ala Ser Arg
165 170 175

Leu

<210> SEQ ID NO 47

<211> LENGTH: 534

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 47

agcacccaat gtccgggaac gaaaaaacte ctcagggggg gaggattage ctecccccega 60
accatactce cccttatace tttgtcccag cagaagecage ctacccetgca tatccaggta 120
tcgtttteca acaccccccee tgttagegtt caggegetece tegacactgg agcagacatce 180
actgtectee cggectgett atgecctece gattecaace tecaggacac cactgtecta 240
ggtgcaggcyg ggccaagtac caacaagttt aaaatcctge cctgtccagt ccatatccac 300
ttgcctttte gaaggcagee ggtgacccta accgettgec taattgatat taacaaccag 360
tggaccatat tagggcgaga tgccctacaa caatgtcaaa gtteccteta tcetggetgac 420
caacccteta aggtectecee tgtectagea cccaagetta teggattaga gcaccttecce 480
cecgeccccag aagtctetcea gttecegtta aaccagageg cctecagget ctga 534

<210> SEQ ID NO 48

<211> LENGTH: 182

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 48

Met Pro Lys Thr Arg Lys Gln Arg Ser Arg Arg Pro Lys Asn Gln Arg
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Pro Ser Thr
Thr Gly Thr
35

Ala Pro Phe
50

Tyr Trp Pro
65

Asp Ala Leu

Pro Ser Pro

Gln Pro Leu

115

Leu Lys Asn
130

Glu Ser Ser
145

Lys Thr Ser

Ile Ser Ser

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Trp Pro Ile Ser

20

Leu Ser Thr Phe Ser

40

Leu Gly Gly Phe Val

55

Arg Ala Pro Asn Ile

70

Ser Ala Gln Leu Tyr

85

Pro Arg Glu Leu Pro

100

Leu Arg Pro Pro Arg

120

Thr Pro Pro Ser Glu

135

Cys Gln Pro Cys Pro
150

Thr Pro Cys Gly Glu

165

Pro Pro Pro

180

D NO 49
H: 549
DNA

10

Gln Val Ser
25

Ala Thr Val

Pro Leu Gly

Arg Leu Pro

75

Asn Thr Leu
90

Ala Pro Ser
105

Phe Leu His

Thr Ile Ala

Ser Pro Thr
155

Ala Pro Leu
170

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Asp Arg Ala
30

Tyr Arg Pro
45

Tyr Thr Ala
60

Gly Thr Pro

Ser Leu Asp

Arg Phe Ser
110

Pro Ser Ser
125

Leu Asn Ser
140

Leu Gly Ser

Cys Ala Phe

15

Phe Ser

Ile Gly

Met Pro

Ser Met
80

Ser Pro
95

Pro Pro

Thr Pro

Pro Trp

Asp Pro

160

Thr Ser
175

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 49

atgcccaaga
tggcccattt
gegactgtgt
accgecatge
gacgcgttgt
agagaactac
ttcctecate
aactcaccct
aaaacatcta

ccececatga

<210> SEQ I

<211> LENGT.
<212> TYPE:

cccgaaagea

cccaggttte

acaggccgat

cctactggec

cagcteaget

cecgeacecte

cttecttcecac

dggagagcag

caccatgtgg

D NO 50
H: 350
PRT

gegeagecegt
ggacagagce
tggtgccceca
acgtgeceeg
ctacaatacc
aaggttctca
gccgttaaaa

ttgccageca

ggaagctecyg

cgacccaaaa
ttctectacgyg
tttetggggy
aacatcagat
ttatcecteg
ccececccaac
aacacacccc
tgtccttece

ttgtgtgect

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

accagagacc

gtacccetgte

getttgttee

tacctgggac

actccectee

cactgetgeg

ctteccgaaac

cgaccetggy

ttacctctat

atcaactcca

tacgtttteg

geteggetac

cccategatyg

ttcecccacce

acccccaaga

aattgecttyg

ctcegaccecee

cagctetece

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 50

Met Ala His Phe Pro Gly Phe Gly Gln Ser Leu Leu Tyr Gly Tyr Pro

1

5

10

15

60

120

180

240

300

360

420

480

540

549
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113

-continued

114

Gly

Cys

Ser

65

Gln

Ala

Thr

Pro

Thr

145

Pro

Glu

Glu

Pro

Ala

225

Ile

Ile

Ser

Ala

Leu

305

Phe

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

atggcccatt tcccaggttt cggacagage cttctctacg ggtaccctgt ctacgtttte

ggcgactgtyg tacaggccga ttggtgccce atttetgggg ggetttgtte cgeteggeta

Tyr

Gly

Pro

50

Ser

Arg

Thr

Pro

Ala

130

Met

Pro

Gln

Leu

Glu

210

Val

Ala

Ser

Ser

Phe

290

His

Asn

Gln

Val

Leu

35

Glu

Ala

Thr

Pro

Phe

115

Met

Trp

Met

Leu

Leu

195

Asn

Gln

Thr

Gly

Thr

275

Leu

Leu

Glu

Pro

Phe

20

Cys

His

Leu

Thr

Lys

100

Arg

Ser

Gly

Thr

Gly

180

Tyr

Cys

Ala

Pro

Pro

260

Phe

Leu

Leu

Lys

Pro
340

Gly

Ser

Gln

Gln

Arg

Ile

Asn

Phe

Ser

Trp

165

Ala

Lys

Phe

Pro

Gly

245

Cys

Ile

Ser

Phe

Gly

325

Ala

SEQ ID NO 51
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence;

1053

Asp

Ala

Ile

Tyr

70

Thr

Pro

Asn

Pro

Ser

150

Pro

Phe

Ile

Pro

Trp

230

Leu

Pro

Phe

His

Glu

310

Ala

Arg

Cys Val Gln Ala Asp Trp Cys Pro Ile
25 30

Arg Leu His Arg His Ala Leu Leu Ala
40 45

Thr Trp Asp Pro Ile Asp Gly Arg Val
55 60

Leu Ile Pro Arg Leu Pro Ser Phe Pro
75

Leu Lys Val Leu Thr Pro Pro Thr Thr
90 95

Pro Ser Phe Phe His Ala Val Lys Lys
105 110

Cys Leu Glu Leu Thr Leu Gly Glu Gln
120 125

Asp Pro Gly Leu Arg Pro Gln Asn Ile
135 140

Val Val Cys Leu Tyr Leu Tyr Gln Leu
155

Leu Ile Pro His Val Ile Phe Cys His
170 175

Leu Thr Arg Val Pro Thr Lys Arg Leu
185 190

Phe Leu Ser Thr Gly Ala Ile Ile Ile
200 205

Thr Thr Leu Phe Gln Pro Thr Arg Ala
215 220

His Thr Gly Leu Leu Pro Cys Gln Lys
235

Ile Trp Thr Phe Thr Asp Gly Ser Pro
250 255

Lys Glu Gly Gln Pro Ser Leu Val Val
265 270

Gln Gln Phe Gln Thr Lys Ala Ser His
280 285

Lys Leu Ile His Tyr Ser Ser Phe His
295 300

Glu Tyr Thr Thr Ile Pro Phe Ser Leu
315

Asn Val Asp Asp Asp Glu Pro Arg Asp
330 335

Gly Gln Ile Ala Glu Ser Pro Val
345 350

note=synthetic construct

SEQUENCE :

51

Ser

Thr

Val

Thr

80

Ala

His

Leu

Tyr

Ser

160

Pro

Glu

Leu

Pro

Glu

240

Met

Gln

Pro

Ser

Leu

320

Gly
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116

-continued
caccgecatg ccctactgge cacgtgeccce gaacatcaga ttacctggga ccccatcgat 180
ggacgcegttyg tcagctcage tctacaatac cttatcccte gactccecte cttecccace 240
cagagaacta cccgcaccct caaggttcte acccccccaa ccactgcetge gacccccaag 300
attcctccat ccttetteca cgccgttaaa aaacacacce ccttecgaaa caattgectt 360
gaactcacce tgggagagca gttgccagcece atgtecttece cecgacccectgg getccgacee 420
caaaacatct acaccatgtg gggaagctcce gttgtgtgece tttacctcta tcagetctcee 480
ccececatga cctggectet aatccegeat gttatattet gecatcctga gcagettgga 540
gecttectea ceccgagtcecee taccaaacga ttagaagaac tcectgtataa gatattttta 600
agcacagggg cgataatcat cctgcctgaa aactgtttte caaccaccct gttccaacce 660
acccgegege ccgeggtgca ggcccectgg cacacaggece tgcteccegtyg tcaaaaggaa 720
attgctacce ccgggetcat ttggacttte actgatggea gcecccatgat ttceeggecct 780
tgcceccaaag aaggacagcc atctttagta gtacaatcat ctacatttat ctttcaacaa 840
ttccaaacca aggccagtca ccccgettte ctettgtece acaaactaat ccactactce 900
tcttttecatt ceccteccacct cctectttgag gaatatacaa ctatcccctt ttetctactt 960
tttaatgaaa aaggggcaaa tgtcgatgat gatgagcccc gagacgggtc acaaccacca 1020
gctagaggac aaatagctga gtcaccecgtce tga 1053
<210> SEQ ID NO 52
<211> LENGTH: 699
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct
<400> SEQUENCE: 52
cagatctget acctectgta gcaggagget atggetcteg cctctactag acacccaagt 60
acagcataat cctgaagaat ccccttegat gtecgacgece tggcecccaac agtccatata 120
ccaaaagtat tcctctaaag attcctegea gectgegegt agetgetgge tcteccgete 180
caaaaagtct atatagccct ctagtaagtc acaaaacccce tcgaacccca acatgtctat 240
acagtccagt tgctgtcgec tttecttttt ctgectette ctctectceca getettegeg 300
gcaccttete cgacgctcett cctttttttt tegttcectcecge caataactca gcagttgcetce 360
ctgctectga gcaaggtcat ccagccgact cttccaataa cccaggtect tactgctaga 420
tcctaaggge cgtcecceggg gtegtttgee attcccctga agcatgtceca tttgatccct 480
acctgatcte tcacataagt ttaacaaagt ttccacaggt gtaagaggcet cctctgcagt 540
caacaccgge ggtcccagac tccgagatcg ggaagtcaaa ctgectccag aagtagaaat 600
gcaggaatat accacaggca cagttcctgg gattgcagte tccggggcta ggacaggeat 660
ctgcctaaag taacctacaa aagttttatt cccttgtcea 699
<210> SEQ ID NO 53
<211> LENGTH: 5320
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 53
ctggeccatat cgaaccttac tctggaccag gcaacaacce agttttccect gttaaaaaac 60
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-continued
ccaacggcaa gtggcegattt atccatgacce tcagggccac taatgccatc accactacce 120
ttgcctegee cteecccegge ccccectgate ttaccagect gecacaggece ttgecccate 180
ttcagaccat cgatctcacg gacgctttet tecagattece ccteccaaag cgattccage 240
cctacttege ctttaccatc ccccagecat taaatcatgg gectgggage aggtacgett 300
ggacagtcct tccccaagge ttcaaaaaca gecccacget ctttgagcaa cagetggeca 360
gegtactagyg cccagcccga aaagecttcece ccacatcegt catcgtcecaa tacatggacy 420
acatcctett ggcatgecce tcccagecacg aactagatca getggccace cttaccgcac 480
agctattgte ctctcatggt ctcccagttt cecaggaaaa aacccaacgce accccaggaa 540
aaatacactt cctgggccaa atcatacatc cagatcacat cacctatgaa accaccccca 600
ccatccccat taaggcacac tggaccctga ctgaactgca aaccctectyg ggggagetcee 660
agtgggtcte caaggggact cctgtectec gagaacacct tcactgtcete tactcagect 720
tgagaggtct caaagacccce cgggacacta tcaccctteg tcatcctcac ctccacgete 780
tccacaacat tcagcaagcc ctgcatcaca attgccegegyg tegecttgac tctacgetcee 840
cectecttgg cctecatctte ctcagtecat ceggcacgac ctcagtecte ttccagacaa 900
atcataaatg gccectagtce tggctccacg ceccccatee cecgaccage ctatgeccct 960
gggggcacat actcgcctge actgtactta cccttgacaa gtatgcecttg cagcactatg 1020
gccaactatg caaatcattc catcataaca tgtccaccca ggccctacac gatttcgtaa 1080
aaaattcctce tcaccccage gtcecgccatat taattcacca catgcatcgg ttectgtgatce 1140
tgggcagaca gccaccggga ccctggegaa cectcettaca acteccggece ctteteeggg 1200
aaccccagcet cctcaggect gcecattttcecce tatccccagt ggttatagat caggcccctt 1260
gtctgttete tgatgggtct ccccaaaagg ccgcectatgt aatttgggac aaggtcattce 1320
tcageccageg gtceggtecce ctgccceccee atgccaataa ctcagcacaa aagggggaat 1380
tagtcggact cctcecttggge ttgcaagccg cacagccectg geccatccctt aacattttcece 1440
tagactcaaa gttcctcatce cggtacctce agtceccctege ttceccecggggece ttccaaggat 1500
catccacaca ccaccgtete caggcgtcce tgcccacact cctceccagggce aaggtcegtgt 1560
atctccacca cacccgcagce cacacccaat tgcctgatcce catctcgacce ctcaatgaat 1620
ataccgactc tctcattgte geccccegtaa ccececttgaa gectgaggge ctecatgecce 1680
tcacccactyg caaccaacag gccctegttt cecacggage caccectgcea caggctaage 1740
aactcgtgca ggcctgcege acctgtcaaa tcattaaccce tcaacaccac atgccgegtg 1800
gecacatceeg cegeggecac ttcccaaacce acacatggca aggagatgtc acccacctta 1860
agcacaaacg gacccgatac tgcctceccacg tctgggtgga taccttctca ggtgceggtat 1920
cttgtgtctg caaaaagaaa gaaactagca gcgaccttat caaaaccctce ctacatgcecca 1980
tcteegtget aggcaagcecce ttetctgtta acacggacaa tggacccgcet tacctttcete 2040
aggagttcca cgaattctgt accaccctct gcatcaaaca ctccacccat attccctaca 2100
atccgacaag ttcaggcctg gtggagcgca caaatggcat tctcaagaca ctactataca 2160
aatatttcct agaccaccct gacctcecccce tagaaagegce ggtttcaaag getctcetgga 2220
ccattaacca tttaaatgtc atgcgcccct gtggtaagac tcggtggcag ctccatcaca 2280
ccecececct gectectatt tecgagtcca tacaaaccac tcccaccagg ctacattggt 2340
actattacaa aacccctgga cttaccaacc agcgatggaa agggcccgta caatctctcece 2400
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-continued
aggaagcagc aggagcagct ctcecttcaag tcagtgacgg ctcgccccag tggatcectt 2460
ggcggetect gaagaagact gtatgcccaa aacccgacga cceccgaaccce gcagggcacyg 2520
tcgaaacaga ccaccaacac catgggtaac gtactcttcet taactttatt ggccaccctg 2580
ggcatcccag tacttcaggce cageccggtgt acaatcacgg taggtatctce ctectaccac 2640
tccagecect gecagceccage ccagecttta tgtacctggg cecctcgacct tgtgtcecatce 2700
actaaggacc agctcctcecta cccccectge caaaacctga tcacctatte caactaccac 2760
aagacctact ccctgtatcect cttcecccacac tgggtacaaa agccactccg ccegggggcett 2820
ggatactact cagcctccta ctcectgatcct tgctcecctac aatgtcccta cctaggaagt 2880
caatcatgga cttgccccta tactggeccct gtctcgagece caacttggag attctcecaca 2940
gatgtaaatt tcacccaaga agtcagccgt gtctccctaa aacttcattt ctccaaatgt 3000
ggttecctect taactctgtt aatagatgcc cccggttacg atccgetgtg gtacctcaca 3060
tcegagecta ctcaggaacce cccaaccect cegecactag tcagcgactce agacctagag 3120
catgtcctga ctecttegge ctectgggcee tcecaagatge tgaccctcat ccacctaacce 3180
ttgcagagca ccaactattc ctgtatggtc tgtattgacc gecgccagcct ctettectgg 3240
cacgtattat acactcccaa catctctagt aatgcccect caaaacccat cgtccgccect 3300
tcecttgece tatcecgcecece gegaccacag cccttecect ggacccattg ctatcaacca 3360
caggtgcaag ctgtaaccac cgcaaagtgc aataattcca tcatacttce cccattttet 3420
ctectetecct tgectggtge cectctcact aggcgacgcece gggccgtcecee agtggceggte 3480
tggctegttt cecgctttgge cgcagggaca ggaatagcag gaggtgtcac cgggtcectta 3540
tcectggect ccagtagaag tcetcectgtcee gaagtggaca aggatattte ccacctcaca 3600
cgggccattg taaaaaacca ccaaaacatt cttcgagtgg cccaatatgce cgcccaaaac 3660
aggcgagggt tagacctcecct gttctgggaa caaggggggce tgtgtaaagce gatacaagaa 3720
caatgctgcet tcectcaacat cagcaatacc catatttcag tcttacaaga gcgaccccect 3780
ctagaaactc gggtaactac tggatggggc ttaaattggg atctaggact ctcccagtgg 3840
gccegtgagg ctectcecagac tggtattacce cttttggcec tecttetgtt aatcatcatce 3900
ctcgggecct gecattatteg ccagctgcaa gcectcececece agaggctaca gcagcgacct 3960
gaccagtacc ctctcectcaa ccctgagacce cctttataat aactccgeca atacacccaa 4020
caggtcceccca tggttgacce ctctaccgtt cacccacccg cactccgcta gacctgacga 4080
gtcceccccat atgtccaaag tctgttcecaa geccagectgat aaccgaaata attctcectaa 4140
gttatggtta cattcctcct ccagatcctt cctttectte tcectaatacat caatatagec 4200
ttgcaacaag tcacaatacc cctcaaaccce cagcaggtcce atgcacttcecce gttgttgatg 4260
acgcgectet ctctecttge gettectcecte cctetectge aatcgectcece tecgecgege 4320
ctecttttee tectgttete gcaggagcecg ctgaatctece gectgectegt ccaccagggce 4380
cctcaggcga gacttccecggg taccatcatt ggegectece gaccccaggg ggcggcecttt 4440
gcgegcacga cgagcegcecge taccaggcat ctcectetggt gttgagacct tcetttgeccyg 4500
atcctectgat gataaccccecc taaaaaattc tataaaaaat tccccgttat ttttttcagce 4560
ccacttceccca ggattcggge agagcectcect ctatggatac ceccgtcectatg tgtttggega 4620
ttgtgttcaa gccgattggt gccccatcte cggtggatta tgctccccee gectacatceg 4680
ccacgeccte ctggecacct gecccgagea ccagatcace tgggacccca tcgatggacg 4740
agttgtcegge tcgcectctec aataccttat ccctegecte cectecttece ccacccaacg 4800
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aacctccaag accctcaaag tcecttaccce accaaccact cctgtcacce ccaaggttcece 4860
accctectte tttcagteeg tgcggaggca cagcccctac cgcaacggat gtcecttgaaac 4920
aacccttgga gagcagctcece cctceecttge atttectgag ccaggcecctca ggccccaaaa 4980
cgtctacacc atctggggaa agaccatagt gtgtctatac atctaccagce tgtcccctcece 5040
catgacctgg cccctcatte cccatgtcat attttgcaac cccaggcage ttggegettt 5100
tctaagcaat gtgcccccca agcgattaga agaactcctc tacaaacttt atctacacac 5160
cggcgccata atcatcctge cggaagacgce cctgcctacce accctattte agectgtteg 5220
agcacccectgt gtccaaacta cctggaacac aggacttcectce ccataccagce caaacctgac 5280
taccecctgge ctgatatgga cctttaatga tgggtctect 5320

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 54
H: 485
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: Description of

RE:

note=synthetic construct

<400> SEQUENCE: 54

Met Gly Asn
1

Val Leu Gln
His Ser Ser
35

Asp Leu Val
50

Asn Leu Ile
65

Phe Pro His

Ser Ala Ser

Ser Gln Ser
115

Trp Arg Phe
130

Ser Leu Lys
145

Ile Asp Ala

Thr Gln Glu

Glu His Val
195

Leu Ile His
210

Ile Asp Arg
225

Ile Ser Ser

Leu Ser Ala

Val Leu Phe Leu Thr

5

Ala Ser Arg Cys Thr

20

Pro Cys Ser Pro Ala

Ser Ile Thr Lys Asp

55

Thr Tyr Ser Asn Tyr

70

Trp Val Gln Lys Pro

85

Tyr Ser Asp Pro Cys

100

Trp Thr Cys Pro Tyr

120

Ser Thr Asp Val Asn

135

Leu His Phe Ser Lys
150

Pro Gly Tyr Asp Pro

165

Pro Pro Thr Pro Pro

180

Leu Thr Pro Ser Ala

200

Leu Thr Leu Gln Ser

215

Ala Ser Leu Ser Ser
230

Asn Ala Pro Ser Lys

245

Pro Arg Pro Gln Pro

Leu Leu Ala
10

Ile Thr Val
25

Gln Pro Leu

Gln Leu Leu

His Lys Thr

75

Leu Arg Arg
90

Ser Leu Gln
105

Thr Gly Pro

Phe Thr Gln

Cys Gly Ser
155

Leu Trp Tyr
170

Pro Leu Val
185

Ser Trp Ala

Thr Asn Tyr

Trp His Val
235

Pro Ile Val
250

Phe Pro Trp

Thr Leu Gly

Gly Ile Ser
30

Cys Thr Trp
45

Tyr Pro Pro
60

Tyr Ser Leu

Gly Leu Gly

Cys Pro Tyr
110

Val Ser Ser
125

Glu Val Ser
140

Ser Leu Thr

Leu Thr Ser

Ser Asp Ser
190

Ser Lys Met
205

Ser Cys Met
220
Leu Tyr Thr

Arg Pro Ser

Thr His Cys

Artificial Sequence;

Ile Pro
15

Ser Tyr

Ala Leu

Cys Gln

Tyr Leu
80

Tyr Tyr
95

Leu Gly

Pro Thr

Arg Val

Leu Leu
160

Glu Pro
175

Asp Leu

Leu Thr

Val Cys

Pro Asn
240

Leu Ala
255

Tyr Gln
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-continued

260 265 270

Pro Gln Val Gln Ala Val Thr Thr Ala Lys Cys Asn Asn Ser Ile Ile
275 280 285

Leu Pro Pro Phe Ser Leu Ser Pro Leu Pro Gly Ala Pro Leu Thr Arg
290 295 300

Arg Arg Arg Ala Val Pro Val Ala Val Trp Leu Val Ser Ala Leu Ala
305 310 315 320

Ala Gly Thr Gly Ile Ala Gly Gly Val Thr Gly Ser Leu Ser Leu Ala
325 330 335

Ser Ser Arg Ser Leu Leu Ser Glu Val Asp Lys Asp Ile Ser His Leu
340 345 350

Thr Arg Ala Ile Val Lys Asn His Gln Asn Ile Leu Arg Val Ala Gln
355 360 365

Tyr Ala Ala Gln Asn Arg Arg Gly Leu Asp Leu Leu Phe Trp Glu Gln
370 375 380

Gly Gly Leu Cys Lys Ala Ile Gln Glu Gln Cys Cys Phe Leu Asn Ile
385 390 395 400

Ser Asn Thr His Ile Ser Val Leu Gln Glu Arg Pro Pro Leu Glu Thr
405 410 415

Arg Val Thr Thr Gly Trp Gly Leu Asn Trp Asp Leu Gly Leu Ser Gln
420 425 430

Trp Ala Arg Glu Ala Leu Gln Thr Gly Ile Thr Leu Leu Ala Leu Leu
435 440 445

Leu Leu Ile Ile Ile Leu Gly Pro Cys Ile Ile Arg Gln Leu Gln Ala
450 455 460

Leu Pro Gln Arg Leu Gln Gln Arg Pro Asp Gln Tyr Pro Leu Leu Asn
465 470 475 480

Pro Glu Thr Pro Leu
485

<210> SEQ ID NO 55

<211> LENGTH: 307

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 55

Met Gly Asn Val Leu Phe Leu Thr Leu Leu Ala Thr Leu Gly Ile Pro
1 5 10 15

Val Leu Gln Ala Ser Arg Cys Thr Ile Thr Val Gly Ile Ser Ser Tyr

His Ser Ser Pro Cys Ser Pro Ala Gln Pro Leu Cys Thr Trp Ala Leu
35 40 45

Asp Leu Val Ser Ile Thr Lys Asp Gln Leu Leu Tyr Pro Pro Cys Gln
50 55 60

Asn Leu Ile Thr Tyr Ser Asn Tyr His Lys Thr Tyr Ser Leu Tyr Leu
65 70 75 80

Phe Pro His Trp Val Gln Lys Pro Leu Arg Arg Gly Leu Gly Tyr Tyr
85 90 95

Ser Ala Ser Tyr Ser Asp Pro Cys Ser Leu Gln Cys Pro Tyr Leu Gly
100 105 110

Ser Gln Ser Trp Thr Cys Pro Tyr Thr Gly Pro Val Ser Ser Pro Thr
115 120 125
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126

Trp

Ser

145

Ile

Thr

Glu

Leu

Ile

225

Ile

Leu

Pro

Leu

Arg
305

<210>
<211>
<212>
<213>
<220>
<223>

Arg

130

Leu

Asp

Gln

His

Ile

210

Asp

Ser

Ser

Gln

Pro

290

Arg

Phe

Lys

Ala

Glu

Val

195

His

Arg

Ser

Ala

Val

275

Pro

Arg

Ser

Leu

Pro

Pro

180

Leu

Leu

Ala

Asn

Pro

260

Gln

Phe

PRT

Thr Asp

His Phe
150

Gly Tyr
165

Pro Thr

Thr Pro

Thr Leu

Ser Leu

230
Ala Pro
245
Arg Pro

Ala Val

Ser Leu

SEQ ID NO 56
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

178

Val

135

Ser

Asp

Pro

Ser

Gln

215

Ser

Ser

Gln

Thr

Ser
295

Asn

Lys

Pro

Pro

Ala

200

Ser

Ser

Lys

Pro

Thr

280

Pro

note=synthetic construct

<400> SEQUENCE:

Ala
1
Gly
Ser
Ile
Gln

65

Cys

Thr

Glu

Ile

145

Arg

Val

Ile

Leu

Val

50

Asn

Lys

Ile

Gly

Ala

130

Ile

Leu

Pro

Ala

Leu

35

Lys

Arg

Ala

Ser

Trp

115

Leu

Leu

Gln

Val

Gly

20

Ser

Asn

Arg

Ile

Val

100

Gly

Gln

Gly

Gln

56

Ala Val

Gly Val

Glu Val

His Gln

Gly Leu

70

Gln Glu
85

Leu Gln

Leu Asn

Thr Gly

Pro Cys

150

Arg Pro
165

Trp

Thr

Asp

Asn

55

Asp

Gln

Glu

Trp

Ile
135

Ile

Asp

Leu

Gly

Lys

40

Ile

Leu

Cys

Arg

Asp

120

Thr

Ile

Gln

Phe

Cys

Leu

Pro

185

Ser

Thr

Trp

Pro

Phe

265

Ala

Leu

Val

Ser

25

Asp

Leu

Leu

Cys

Pro

105

Leu

Leu

Arg

Tyr

Thr

Gly

Trp

170

Leu

Trp

Asn

His

Ile

250

Pro

Lys

Pro

Ser

10

Leu

Ile

Arg

Phe

Phe

90

Pro

Gly

Leu

Gln

Pro
170

Gln

Ser

155

Tyr

Val

Ala

Tyr

Val

235

Val

Trp

Cys

Gly

Artificial Sequence;

Ala

Ser

Ser

Val

Trp

Leu

Leu

Leu

Ala

Leu

155

Leu

Glu

140

Ser

Leu

Ser

Ser

Ser

220

Leu

Arg

Thr

Asn

Ala
300

Leu

Leu

His

Ala

60

Glu

Asn

Glu

Ser

Leu
140

Gln

Leu

Val

Leu

Thr

Asp

Lys

205

Cys

Tyr

Pro

His

Asn

285

Pro

Ala

Ala

Leu

45

Gln

Gln

Ile

Thr

Gln

125

Leu

Ala

Asn

Ser

Thr

Ser

Ser

190

Met

Met

Thr

Ser

Cys

270

Ser

Leu

Ala

Ser

30

Thr

Tyr

Gly

Ser

Arg

110

Trp

Leu

Leu

Pro

Arg

Leu

Glu

175

Asp

Leu

Val

Pro

Leu

255

Tyr

Ile

Thr

Gly

Ser

Arg

Ala

Gly

Asn

95

Val

Ala

Leu

Pro

Glu
175

Val

Leu

160

Pro

Leu

Thr

Cys

Asn

240

Ala

Gln

Ile

Arg

Thr

Arg

Ala

Ala

Leu

80

Thr

Thr

Arg

Ile

Gln

160

Thr
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-continued

128

Pro

<210>
<211>
<212>
<213>
<220>
<223>

Leu

PRT

SEQ ID NO 57
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

848

note=synthetic construct

<400> SEQUENCE:

Gly

1

Val

Thr

Asp

Leu

65

Tyr

Arg

Leu

Phe

Cys

145

Leu

Thr

Ile

Leu

Gly

225

Arg

Leu

Gly

Pro

Leu
305

Gly

Gln

His

Lys

Asn

Leu

50

Thr

Phe

Tyr

Phe

Pro

130

Pro

Leu

Pro

Thr

Thr

210

Thr

Gly

His

Arg

Ser
290
Val

His

His

Ile

Lys

Ala

35

Thr

Asp

Ala

Ala

Glu

115

Thr

Ser

Ser

Gly

Tyr

195

Glu

Pro

Leu

Ala

Leu

275

Gly

Trp

Ile

Tyr

Glu

Pro

20

Ile

Ser

Ala

Phe

Trp

100

Gln

Ser

Gln

Ser

Lys

180

Glu

Leu

Val

Lys

Leu

260

Asp

Thr

Leu

Leu

Gly
340

57

Pro Tyr

Asn Gly

Thr Thr

Leu Pro

Phe Phe
70

Thr Ile
85

Thr Val

Gln Leu

Val Ile

His Glu
150

His Gly
165

Ile His

Thr Thr

Gln Thr

Leu Arg
230

Asp Pro
245

His Asn

Ser Thr

Thr Ser

His Ala
310

Ala Cys
325

Gln Leu

Ser

Lys

Thr

Gln

55

Gln

Pro

Leu

Ala

Val

135

Leu

Leu

Phe

Pro

Leu

215

Glu

Arg

Ile

Leu

Val

295

Pro

Thr

Cys

Gly

Trp

Leu

40

Ala

Ile

Gln

Pro

Ser

120

Gln

Asp

Pro

Leu

Thr

200

Leu

His

Asp

Gln

Pro

280

Leu

His

Val

Lys

Pro

Arg

25

Ala

Leu

Pro

Pro

Gln

105

Val

Tyr

Gln

Val

Gly

185

Ile

Gly

Leu

Thr

Gln

265

Leu

Phe

Pro

Leu

Ser
345

Gly

10

Phe

Ser

Pro

Leu

Leu

90

Gly

Leu

Met

Leu

Ser

170

Gln

Pro

Glu

His

Ile

250

Ala

Leu

Gln

Pro

Thr
330

Phe

Artificial Sequence;

Asn

Ile

Pro

His

Pro

75

Asn

Phe

Gly

Asp

Ala

155

Gln

Ile

Ile

Leu

Cys

235

Thr

Leu

Gly

Thr

Thr
315

Leu

His

Asn

His

Ser

Leu

60

Lys

His

Lys

Pro

Asp

140

Thr

Glu

Ile

Lys

Gln

220

Leu

Leu

His

Leu

Asn

300

Ser

Asp

His

Pro

Asp

Pro

45

Gln

Arg

Gly

Asn

Ala

125

Ile

Leu

Lys

His

Ala

205

Trp

Tyr

Arg

His

Ile

285

His

Leu

Lys

Asn

Val

Leu

30

Gly

Thr

Phe

Pro

Ser

110

Arg

Leu

Thr

Thr

Pro

190

His

Val

Ser

His

Asn

270

Phe

Lys

Cys

Tyr

Met
350

Phe

15

Arg

Pro

Ile

Gln

Gly

95

Pro

Lys

Leu

Ala

Gln

175

Asp

Trp

Ser

Ala

Pro

255

Cys

Leu

Trp

Pro

Ala
335

Ser

Pro

Ala

Pro

Asp

Pro

80

Ser

Thr

Ala

Ala

Gln

160

Arg

His

Thr

Lys

Leu

240

His

Arg

Ser

Pro

Trp
320

Leu

Thr
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129

-continued

130

Gln

Ile

Pro

385

Pro

Gln

Pro

Leu

465

Asp

Phe

Leu

Gln

Ile

545

Thr

Gln

Pro

Asn

Arg

625

Cys

Leu

Asn

Leu

Gly

705

Tyr

Ala

Thr

Ala

Leu

370

Gly

Gln

Ala

Ile

His

450

Gly

Ser

Gln

Leu

Leu

530

Val

His

Ala

Gln

His

610

Tyr

Val

His

Gly

Cys

690

Leu

Phe

Leu

Arg

Leu

355

Ile

Pro

Leu

Pro

Trp

435

Ala

Leu

Lys

Gly

Gln

515

Pro

Ala

Cys

Lys

His

595

Thr

Cys

Cys

Ala

Pro

675

Ile

Val

Leu

Trp

Trp
755

His

His

Trp

Leu

Cys

420

Asp

Asn

Gln

Phe

Ser

500

Gly

Asp

Pro

Asn

Gln

580

His

Trp

Leu

Lys

Ile

660

Ala

Lys

Glu

Asp

Thr
740

Gln

Asp

His

Arg

Arg

405

Leu

Lys

Asn

Ala

Leu

485

Ser

Lys

Pro

Val

Gln

565

Leu

Met

Gln

His

Lys

645

Ser

Tyr

His

Arg

His

725

Ile

Leu

Phe

Met

Thr

390

Pro

Phe

Val

Ser

Ala

470

Ile

Thr

Val

Ile

Thr

550

Gln

Val

Pro

Gly

Val

630

Lys

Val

Leu

Ser

Thr
710
Pro

Asn

His

Val Lys Asn Ser Ser His Pro Ser Val
360 365

His Arg Phe Cys Asp Leu Gly Arg Gln
375 380

Leu Leu Gln Leu Pro Ala Leu Leu Arg
395

Ala Phe Ser Leu Ser Pro Val Val Ile
410 415

Ser Asp Gly Ser Pro Gln Lys Ala Ala
425 430

Ile Leu Ser Gln Arg Ser Val Pro Leu
440 445

Ala Gln Lys Gly Glu Leu Val Gly Leu
455 460

Gln Pro Trp Pro Ser Leu Asn Ile Phe
475

Arg Tyr Leu Gln Ser Leu Ala Ser Gly
490 495

His His Arg Leu Gln Ala Ser Leu Pro
505 510

Val Tyr Leu His His Thr Arg Ser His
520 525

Ser Thr Leu Asn Glu Tyr Thr Asp Ser
535 540

Pro Leu Lys Pro Glu Gly Leu His Ala
555

Ala Leu Val Ser His Gly Ala Thr Pro
570 575

Gln Ala Cys Arg Thr Cys Gln Ile Ile
585 590

Arg Gly His Ile Arg Arg Gly His Phe
600 605

Asp Val Thr His Leu Lys His Lys Arg
615 620

Trp Val Asp Thr Phe Ser Gly Ala Val
635

Glu Thr Ser Ser Asp Leu Ile Lys Thr
650 655

Leu Gly Lys Pro Phe Ser Val Asn Thr
665 670

Ser Gln Glu Phe His Glu Phe Cys Thr
680 685

Thr His Ile Pro Tyr Asn Pro Thr Ser
695 700

Asn Gly Ile Leu Lys Thr Leu Leu Tyr
715

Asp Leu Pro Leu Glu Ser Ala Val Ser
730 735

His Leu Asn Val Met Arg Pro Cys Gly
745 750

His Thr Pro Pro Leu Pro Pro Ile Ser
760 765

Ala

Pro

Glu

400

Asp

Tyr

Pro

Leu

Leu

480

Ala

Thr

Thr

Leu

Leu

560

Ala

Asn

Pro

Thr

Ser

640

Leu

Asp

Thr

Ser

Lys

720

Lys

Lys

Glu
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132

Ser Ile Gln Thr Thr Pro Thr Arg Leu His
770 775

Pro Gly Leu Thr Asn Gln Arg Trp Lys Gly

785

790

Glu Ala Ala Gly Ala Ala Leu Leu Gln Val

805 810

Trp Ile Pro Trp Arg Leu Leu Lys Lys Thr

820 825

Asp Pro Glu Pro Ala Gly His Val Glu Thr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

835 840

SEQ ID NO 58

LENGTH: 90

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
note=synthetic construct

SEQUENCE: 58

Leu Ala Ile Ser Asn Leu Thr Leu Asp Gln

1

5 10

Leu Leu Lys Asn Pro Thr Ala Ser Gly Asp

20 25

Pro Leu Met Pro Ser Pro Leu Pro Leu Pro

35 40

Leu Ile Leu Pro Ala Cys His Arg Pro Cys

Ile Ser Arg Thr Leu Ser Ser Arg Phe Pro

65

70

Pro Thr Ser Pro Leu Pro Ser Pro Ser His

<210>
<211>
<212>
<213>
<220>
<223>

<400>

85 90

SEQ ID NO 59

LENGTH: 273

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

Trp

Pro

795

Ser

Val

Asp

Tyr

780

Val

Asp

Cys

His

Tyr

Gln

Gly

Pro

Gln
845

Tyr

Ser

Ser

Lys

830

His

Lys Thr

Leu Gln
800

Pro Gln
815

Pro Asp

His Gly

Artificial Sequence;

Ala

Leu

Arg

Pro

Ser
75

Thr

Ser

Pro

Ile

Gln

Thr

Met

Pro

45

Phe

Ser

Gln

Thr

30

Pro

Arg

Asp

Phe Ser

15

Ser Gly

Ala Pro

Pro Ser

Ser Ser
80

OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

SEQUENCE: 59

ctggccatat cgaaccttac tctggaccag gcaacaaccce

ccaacggcaa gtggcgattt atccatgace tcagggecac

ttgcctegee ctececegge cecectgate ttaccagect

ttcagaccat cgatctcacg gacgetttet tccagattece

cctacttege ctttaccate ccccagecat taa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 60

LENGTH: 170

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

agtttteect

taatgccatce

gccacaggece

ccteccaaag

gttaaaaaac

accactaccce

ttgccecate

cgattccage

OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

SEQUENCE: 60

Met Pro Lys Thr Arg Arg Pro Arg Thr Arg Arg Ala Arg Arg Asn Arg

1

5 10

15

60

120

180

240

273
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134

Pro

Met

Ala

Ser

65

Asp

Pro

Gln

Cys

Glu

145

Lys

<210>
<211>
<212>
<213>
<220>
<223>

Pro

Asp

Pro

50

Trp

Glu

Ser

Pro

Gly

130

Ser

Thr

Thr

Thr

35

Ser

Pro

Leu

Pro

Leu

115

Gly

Ser

Ser

Pro

20

Pro

Pro

Pro

Ser

Pro

100

Leu

Thr

Ser

Thr

Trp

Ser

Val

Ala

Ala

85

Asn

Ser

Ala

Pro

Pro
165

SEQ ID NO 61
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of

512

Pro Thr Ser
Met Cys Leu
40

Asp Tyr Ala
55

Pro Ser Thr
70

Arg Leu Ser

Glu Pro Pro

Pro Pro Arg

120

Pro Thr Ala
135

Pro Leu His
150

Ser Gly Glu

note=synthetic construct

<400> SEQUENCE:

61

atgcccaaaa cccgacgace ccgaacccege

tgcccactte

cgattgtgtt

tegecacgec

acgagttgtce

acgaacctce

tccaccctec

aacaaccctt

aaacgtctac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

ccaggatteg ggcagagect

caagccgatt ggtgccccat

ctcetggeca cctgecccga

ggctegecte tccaatacct

aagaccctca aagtccttac

ttctttcagt cecgtgcggag

ggagagcagce tccccteect

accatctggyg gaaagaccat

PRT

SEQ ID NO 62
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence;

255

note=synthetic construct

SEQUENCE :

62

Gln

25

Ala

Pro

Arg

Asn

Arg

105

Phe

Thr

Phe

Arg

Asp

Ile

Pro

Ser

Thr

90

Pro

His

Asp

Leu

Pro
170

Ser

Val

Ala

Pro

75

Leu

Ser

Pro

Val

Ser
155

Gly Arg Ala
30

Phe Lys Pro
45

Tyr Ile Ala
60

Gly Thr Pro

Ser Leu Ala

Lys Ser Leu

110

Pro Ser Phe
125

Leu Lys Gln
140

Gln Ala Ser

Ser Ser

Ile Gly

Thr Pro

Ser Met

80

Ser Pro

95

Pro His

Ser Pro

Pro Leu

Gly Pro
160

Artificial Sequence;

agggcacgtc

cctetatgga

ctceggtgga

gcaccagatce

tatccctege

cccaccaacce

gcacagccce

tgcatttect

ag

gaaacagacc

tacccegtet

ttatgctece

acctgggace

ctcecectect

actcctgtca

taccgcaacyg

gagccaggece

accaacacca

atgtgtttgg

ccegectaca

ccatcgatgyg

tcecccaccca

cccccaaggt

gatgtcttga

tcaggcceca

Met Ala His Phe Pro Gly Phe Gly Gln Ser Leu Leu Tyr Gly Tyr Pro

1

5

10

15

Val Tyr Val Phe Gly Asp Cys Val Gln Ala Asp Trp Cys Pro Ile Ser

20

25

30

Gly Gly Leu Cys Ser Pro Arg Leu His Arg His Ala Leu Leu Ala Thr

35

40

45

60

120

180

240

300

360

420

480

512
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136

Cys Pro Glu
50

Gly Ser Pro
65

Gln Arg Thr

Val Thr Pro

Ser Pro Tyr

115

Pro Ser Leu
130

Thr Ile Trp
145

Pro Pro Met

Arg Gln Leu

Glu Leu Leu

195

Pro Glu Asp
210

Cys Val Gln
225

Leu Thr Thr

<210> SEQ I
<211> LENGT.
<212> TYPE:

His Gln Ile Thr Trp

55

Leu Gln Tyr Leu Ile

70

Ser Lys Thr Leu Lys

85

Lys Val Pro Pro Ser

100

Arg Asn Gly Cys Leu

120

Ala Phe Pro Glu Pro

135

Gly Lys Thr Ile Val
150

Thr Trp Pro Leu Ile

165

Gly Ala Phe Leu Ser

180

Tyr Lys Leu Tyr Leu

200

Ala Leu Pro Thr Thr

215

Thr Thr Trp Asn Thr
230

Pro Gly Leu Ile Trp

245
D NO 63
H: 559

DNA

Asp

Pro

Val

Phe

105

Glu

Gly

Cys

Pro

Asn

185

His

Leu

Gly

Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Pro

Arg

Leu

90

Phe

Thr

Leu

Leu

His

170

Val

Thr

Phe

Leu

Phe
250

<223> OTHER INFORMATION: Description of
note=synthetic construct

<400> SEQUENCE: 63

taactcegec

gecacteccget

taaccgaaat

ctctaataca

catgcactte

caatcgetee

cgeetgeteg

cgaccccagyg

tgttgagacc

ttcccegtta

<210> SEQ I

<211> LENGT.
<212> TYPE:

aatacaccca

agacctgacyg

aattctccta

tcaatatage

cgttgttgat

ctecegecgeyg

tccaccaggyg

gggcggcctt

ttetttgece

tttttttca

D NO 64

H: 20
DNA

acaggtccce

agtcccceca

agttatggtt

cttgcaacaa

gacgcgecte

cctectttte

ceccteaggeyg

tgcgcgeacy

gatcctctga

Ile Asp Gly Arg
60

Leu Pro Ser Phe
75

Thr Pro Pro Thr
Gln Ser Val Arg
110

Thr Leu Gly Glu
125

Arg Pro Gln Asn
140

Tyr Ile Tyr Gln
155

Val Ile Phe Cys
Pro Pro Lys Arg
190

Gly Ala Ile Ile
205

Gln Pro Val Arg
220

Leu Pro Tyr Gln
235

Asn Asp Gly Ser

Artificial Sequ

atggttgacc cctctaccegt

tatgtccaaa gtctgtteca

acattcctee tccagatcect

gtcacaatac ccctcaaacce

tctetectty cgettectet

ctcetgttet cgcaggagece

agacttcegyg gtaccatcat

acgagcgeceg ctaccaggca

tgataaccce ctaaaaaatt

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Val Val
Pro Thr
80

Thr Pro
95

Arg His

Gln Leu

Val Tyr

Leu Ser

160

Asn Pro
175

Leu Glu

Ile Leu

Ala Pro

Pro Asn

240

Pro
255

ence;

tcacccacce
agccagctga
tcectttectt
ccagcaggte
cecctetecty
gctgaatcete
tggecgectee
tctectetygy

ctataaaaaa

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

60

120

180

240

300

360

420

480

540

559
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137

-continued

138

<400> SEQUENCE: 64

gattccecte ccaaagcgat

<210> SEQ ID NO 65

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 65

tgacggatgt ggggaaggct

<210> SEQ ID NO 66

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 66

ttccccaagg cttcaaaaac agecccacgce

<210> SEQ ID NO 67

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 67

Ser Phe Ser Phe Leu Leu Asp Ala Pro Gly Tyr Asp Pro Val Trp Phe
1 5 10 15

Leu Ser Ser Gln Ala Thr Gln Ala Pro Pro Thr Pro Ala Pro Leu Ile
20 25 30

Gln Asp Ser Asp Leu Gln His Ile Leu Glu Pro Ser Ile Pro Trp Ser
35 40 45

Ser Lys
50

<210> SEQ ID NO 68

<211> LENGTH: 48

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 68

Thr Leu Leu Ile Asp Ala Pro Gly Tyr Asp Pro Leu Trp Tyr Leu Thr
1 5 10 15

Ser Glu Pro Thr Gln Glu Pro Pro Thr Pro Pro Pro Leu Val Ser Asp
20 25 30

Ser Asp Leu Glu His Val Leu Thr Pro Ser Ala Ser Trp Ala Ser Lys
35 40 45

<210> SEQ ID NO 69

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

20

30
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139

-continued

140

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 69

ggtaagatcc cactgggtceg age

<210> SEQ ID NO 70

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 70

gaagccaggt ctegggtgac g

<210> SEQ ID NO 71

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 71

cgctececcty gagetetete g

<210> SEQ ID NO 72

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 72

gecacttece attgggettt ttgacgg

<210> SEQ ID NO 73

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 73

getctcacceyg ataaagtaac aaacg

<210> SEQ ID NO 74

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 74

ggtaggaaga ggctcctatg aacag

<210> SEQ ID NO 75

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;

23

21

21

27

25

25
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141 142

-continued
note=synthetic construct
<400> SEQUENCE: 75
caggactgca taacatacga gaccctcce 28

<210> SEQ ID NO 76

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 76

cctatgaaca gggtgcatcg actggg 26

<210> SEQ ID NO 77

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 77

cctaagecccce ccatgtcecag ac 22

<210> SEQ ID NO 78

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 78

cgagagagct ccaggggagc g 21

<210> SEQ ID NO 79

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 79

cctacteccct gtatgtatte ccccattgg 29

<210> SEQ ID NO 80

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct

<400> SEQUENCE: 80

gctcgaccca gtgggatctt accgagtgg 29

<210> SEQ ID NO 81

<211> LENGTH: 8791

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence;
note=synthetic construct
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<400> SEQUENCE: 81

tgacagggac aacgaccctc tcccagggge gacagcaage ccccaaggac aaaactagca 60
gggactagtc atcagccaaa aaggtcaact gtctcacaca aataaggatc cgaaggttcet 120
gacgtcccayg cccagectca aaaccaggaa atccatagaa atgcaccteg cecttaccca 180
ctteceectat catgaaaaac aaaggctgtg acgactacce ccttecccaa aaaatttget 240
taaaccatca ataaagacag cctagcctat ataagcatga ggatggttca ggagggggcet 300
cgcetetettyg ccgategece tgctcaccte gagtgtccat ctectggtca atcagttgag 360
acgcegecegg ctgeeggtet cctggttgte geacctectyg aaccaccect tgggtaagte 420
cceecttggt ccgagettgg ctacggttte tgtagteget ccecagggaag tctcecgagac 480
tgcccaagee tctgettgca aggctacgge ccetcecaccee tettecgegt cegtgttaat 540
ctettegege caaccgaaaa cgaaagcegece tecagcetcete ttggecceggyg gcecaggectg 600
agccgegegg gcegcaccace ttaageccge tgtactcaaa ccectecggyg aggggecctt 660
tacagtaggc gccegtecce ccgggggaaa catacaagtyg ggggctcegte cgggatcetgt 720
tcegeteteg cegttecccee ccteccacta tgggtcagac ccacacatcce agtceccegtece 780
ctaaggccce cagggggcetce tccacccacce actggcettaa tttectgcag geggettace 840
gectgcaace tggaccctece gaattcgatt ttcaccagtt aagacgattc cttaagctag 900
cgctecaaac cccagtectgg ttaaacccta tegattacte cctectagece ggectaatce 960
ccaaggggta ccccggtegg gtgaccgaga tcgttaatat cctcectceccge getcatccac 1020
cceccagege cccggeaatt tccatgecca cggecacegyg ceeggeccect gccccccage 1080
ctcaggaggc gcacacgccc cccccttatg cggagcectge tgcgctceccag tgccttecca 1140
ttatgcactce ccacggggcce ccctcgagece accgeccctyg gcagatgaaa gacttacaag 1200
ccattaaaca agaaattagc acctcagctc ccggcagtcce tcaatttatg cataccattce 1260
gacttgccat ccagcagttt gaccctacgg ctaaagatct acatgatctt ttgcagtact 1320
tgtgctegte ccttattgte teccttcace accaacaget acaagcactce attgtggagg 1380
cagaaaccceg agggttgaca ggttacaatce ctatggcagg gceccctceegyg gtacaagcaa 1440
acaaccceccgce ccagcaaggce ctccagagag aataccaaag tetttggctg gecgectttg 1500
cggccectgece tggtaacacce cgagatcctt cctgggecge aatattgcaa ggcctcgagg 1560
aaccttattg tgcctttgta gagcgcectca atgecggecect cgataatggt ctacctgaag 1620
gcacaccaaa ggaacccatc ctgeggecge tggcatacte caatgccaac aaagaatgec 1680
agaaactcct tcaggcgegg ggccatacca acagtccect tggcgaaatg ctceccgagect 1740
gtcaggcttyg gacaccaaag gataagacca aagttctagt agttcagccc cgtaaaaccce 1800
ctccaacaca accgtgctte cggtgtggaa aggtgggaca ctggagccga gactgcactce 1860
agcctegece cccteegggg cectgeccee tatgtcagga ccecatcccac tggaagcgag 1920
attgccccca gctaaaaacce ccgccggagg cagaagaacce cctectageg gatttgectg 1980
cecettetece ggaggaaaaa aactccccag ggggggagaa ctagtctece cccgacccegg 2040
taacgtgcct tccctgctte cecttgtcecte cctatggcag geccaacaat ctctcectcaa 2100
tattaaagtt tccttctteg atcgcccacce cctggcatca caggcgctece tggacaccgg 2160
agccggectce actgtcatge cccaggtttt ggetecggggg ctcacggacce tcecaggacac 2220
caccattctg ggggccggeg gtaaaaccca ctceccagttt aaactcctac ggtgtceecggt 2280
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acatgtatac ttgcccttec gtagggctce cgtgtcectt cecctcatgte taattgacac 2340
caagaatgag tggaccatca tcggccggga cgtcecctgcag caatgccagg gggcccttta 2400
cttaccggag gacctccegg ccccgaccca gttatccececg gtgaccacce ctgcagtcat 2460
cggcttagaa catcttccag agcccccaga ggtcagcecag tttcectttaa acctgaacgce 2520
ctccaggecce taatagacct ggtctccaag gcactggagg ctggccatat cgaaccttac 2580
tctggaccag gcaacaaccce agttttceccct gttaaaaaac ccaacggcaa gtggcgattt 2640
atccatgacc tcagggccac taatgccatc accactaccce ttgcctcecgece cteccecggce 2700
cceectgate ttaccagect gecacaggcece ttgeccccatce ttcagaccat cgatctcacg 2760
gacgctttet tceccagattce ccteccaaag cgattccage cctacttecgce ctttaccatce 2820
ccecagecat taaatcatgg gectgggage aggtacgcett ggacagtcect tcecccaaggce 2880
ttcaaaaaca gccccacgcet ctttgagcaa cagetggeca gegtactagyg cccageccga 2940
aaagccttcece ccacatcegt catcgtccaa tacatggacg acatcctctt ggcatgccce 3000
tcecagcacg aactagatca gcetggccace cttaccgcac agctattgte ctetcatggt 3060
ctecccagttt cccaggaaaa aacccaacgce accccaggaa aaatacactt cctgggccaa 3120
atcatacatc cagatcacat cacctatgaa accaccccca ccatccccat taaggcacac 3180
tggaccctga ctgaactgca aaccctectg ggggagctcece agtgggtcte caaggggact 3240
cctgtectee gagaacacct tcactgtcte tactcagect tgagaggtct caaagacccce 3300
cgggacacta tcaccctteg tcatcctcac ctceccacgcete tccacaacat tcagcaagcece 3360
ctgcatcaca attgccgegg tegecttgac tctacgetece cectecttgg cctcatcette 3420
ctcagtceccat cecggcacgac ctcagteccte ttccagacaa atcataaatg geccctagtce 3480
tggctecacyg cccecccatcee cccgaccage ctatgcecect gggggcacat actcegectge 3540
actgtactta cccttgacaa gtatgccttg cagcactatg gccaactatg caaatcattce 3600
catcataaca tgtccaccca ggccctacac gatttcgtaa aaaattccte tcaccccagce 3660
gtcgeccatat taattcacca catgcatcgg ttctgtgatce tgggcagaca gccaccggga 3720
ccetggegaa cectettaca actceccceggee cttetceceggg aaccccaget cctcaggect 3780
gcatttteee tatccccagt ggttatagat caggcccctt gtetgttecte tgatgggtcet 3840
ccccaaaagg ccgcectatgt aatttgggac aaggtcattce tcagccageg gteggtceccce 3900
ctgccceccecce atgccaataa ctcagcacaa aagggggaat tagtcggact cctettgggce 3960
ttgcaagccg cacagcccetg gecatcectt aacattttec tagactcaaa gttectcatce 4020
cggtacctce agtcecctege tteccggggcece ttecaaggat catccacaca ccaccgtcete 4080
caggegtccee tgcccacact cctcecaggge aaggtcegtgt atctcecacca cacccgcage 4140
cacacccaat tgcctgatcce catctcgacce ctcaatgaat ataccgactce tcectcattgte 4200
geecccegtaa cccecttgaa gectgaggge ctcecatgece tcacccactg caaccaacag 4260
geectegttt ceccacggage caccectgca caggctaage aactcegtgca ggectgecege 4320
acctgtcaaa tcattaaccc tcaacaccac atgccgegtyg gccacatceg ccgeggecac 4380
ttcccaaace acacatggca aggagatgtce acccacctta agcacaaacyg gacccgatac 4440
tgcctecacg tectgggtgga taccttectca ggtgecggtat cttgtgtctg caaaaagaaa 4500
gaaactagca gcgaccttat caaaaccctc ctacatgcca tcecteccegtget aggcaagcecce 4560
ttctectgtta acacggacaa tggacccgct tacctttetce aggagttcca cgaattcectgt 4620
accaccctet gecatcaaaca ctccacccat attccctaca atccgacaag ttcaggectg 4680
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gtggagcgca caaatggcat tctcaagaca ctactataca aatatttcct agaccaccct 4740
gacctcceeee tagaaagcgce ggtttcaaag gcectctcectgga ccattaacca tttaaatgte 4800
atgcgeccct gtggtaagac tceggtggcag ctceccatcaca ccccceccceet gectectatt 4860
tcecgagtecca tacaaaccac tcccaccagg ctacattggt actattacaa aacccctgga 4920
cttaccaacc agcgatggaa agggcccgta caatctctece aggaagcage aggagcagcet 4980
cteccttcecaag tcagtgacgg ctecgcecccag tggatcectt ggcggctcect gaagaagact 5040
gtatgcccaa aacccgacga ccccgaacce gcagggcacg tcgaaacaga ccaccaacac 5100
catgggtaac gtactcttcect taactttatt ggccaccctg ggcatcccag tacttcaggce 5160
cagccggtgt acaatcacgg taggtatctce ctectaccac tccagcecccecet gcagceccagce 5220
ccagccttta tgtacctggg cecctcgacct tgtgtccatce actaaggacc agctcectcta 5280
ccecceectge caaaacctga tcacctatte caactaccac aagacctact ccecctgtatcet 5340
cttcccacac tgggtacaaa agccactccg ccgggggcett ggatactact cagectecta 5400
ctctgatect tgcteccctac aatgtceccta cctaggaagt caatcatgga cttgccccta 5460
tactggccct gtctcgagec caacttggag attctccaca gatgtaaatt tcacccaaga 5520
agtcagccgt gtctccctaa aacttcattt ctceccaaatgt ggttecctcect taactcetgtt 5580
aatagatgcce cccggttacg atccgetgtg gtacctcaca tccgagcecta ctcaggaacce 5640
cccaaccect cecgccactag tcagcgactce agacctagag catgtcecctga ctecttegge 5700
ctecctgggece tccaagatge tgaccctcat ccacctaacc ttgcagagca ccaactattce 5760
ctgtatggtc tgtattgacc gcgccagcect ctecttecctgg cacgtattat acactcccaa 5820
catctctagt aatgcccecct caaaacccat cgteccgecect teccttgcece tatccgeccce 5880
gcgaccacag cccttececect ggacccattg ctatcaacca caggtgcaag ctgtaaccac 5940
cgcaaagtgc aataattcca tcatacttce cccattttet ctctectcecect tgectggtge 6000
ccetetecact aggcgacgec gggccgtcecce agtggcggte tggctegttt cegetttgge 6060
cgcagggaca ggaatagcag gaggtgtcac cgggtcctta tccctggcect ccagtagaag 6120
tctectgtee gaagtggaca aggatatttce ccacctcaca cgggccattg taaaaaacca 6180
ccaaaacatt cttcgagtgg cccaatatgc cgcccaaaac aggcgagggt tagacctcect 6240
gttctgggaa caaggggggc tgtgtaaagc gatacaagaa caatgctgct tcctcaacat 6300
cagcaatacc catatttcag tcttacaaga gcgacccect ctagaaactce gggtaactac 6360
tggatggggce ttaaattggg atctaggact ctcecccagtgg gecccgtgagg ctetccagac 6420
tggtattacc cttttggccce tecttcetgtt aatcatcatc ctcgggccct gecattattceg 6480
ccagetgcaa gcccteccce agaggctaca geagcgacct gaccagtacce ctctectcaa 6540
ccetgagace cctttataat aactccgcca atacacccaa caggtcccca tggttgacce 6600
ctctacecgtt cacccacceg cactccgcta gacctgacga gtccccecccat atgtccaaag 6660
tctgttecaa geccagctgat aaccgaaata attctcctaa gttatggtta cattcctect 6720
ccagatcctt cctttcectte tcectaatacat caatatagecc ttgcaacaag tcacaatacc 6780
cctcaaaccce cagcaggtcecc atgcacttce gttgttgatg acgcgecctet ctetcecttge 6840
gcttectete ccectetectge aategcectece teccgecgcege ctecttttece tectgttete 6900
gcaggagceeyg ctgaatctece gectgetegt ccaccaggge cctcaggega gacttceceggyg 6960
taccatcatt ggcgecteccoe gaccccaggg ggcggcecttt gegegcacga cgagegecge 7020
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taccaggcat ctcctctggt gttgagacct tctttgcecccg atcctcectgat gataaccccce 7080
taaaaaattc tataaaaaat tccccgttat ttttttcage ccacttccca ggattcecgggce 7140
agagcctect ctatggatac cccgtctatg tgtttggega ttgtgttcaa gecgattggt 7200
gccecatete cggtggatta tgctcecccccece gectacateg ccacgcecctce ctggccacct 7260
gcceecgagceca ccagatcace tgggacccca tcgatggacg agttgteggce tcegectcetece 7320
aataccttat ccctecgecte cectecttee ccacccaacg aacctccaag accctcaaag 7380
tcettaccee accaaccact cctgtcacce ccaaggttece accctectte tttcagtecg 7440
tgcggaggca cagccectac cgcaacggat gtettgaaac aacccttgga gagcagetce 7500
cctececttge atttectgag ccaggcectca ggccccaaaa cgtctacacce atctggggaa 7560
agaccatagt gtgtctatac atctaccagc tgtcccctece catgacctgg cccctcatte 7620
cccatgtcat attttgcaac cccaggcagce ttggcgettt tctaagcaat gtgcccccca 7680
agcgattaga agaactcctce tacaaacttt atctacacac cggcgccata atcatcctgce 7740
cggaagacgc cctgcctacc accctattte agectgtteg agcaccctgt gtccaaacta 7800
cctggaacac aggacttcte ccataccagce caaacctgac tacccctgge ctgatatgga 7860
cctttaatga tgggtctect atgatttcag gaccttgcecce taaggcaggg cagccatcct 7920
tggtagtaca gtcctcacta ctaatcttcg agagatttca aaccaaagcc tatcatccct 7980
cttacctect ctcccaccaa ttgatacagt attcecctectt ccatcaccte tacttactcet 8040
ttgatgaata tactactatc cccttctcte tactatttaa ggaaaaagag ggagatgaca 8100
gggacaacga ccctcectecca ggggcgacag caagccccca aggacaaaac tagcagggac 8160
tagtcatcag ccaaaaaggt caactgtctc acacaaataa ggatccgaag gttctgacgt 8220
cccageccag cctcaaaacce aggaaatcca tagaaatgca cctegecctt acccacttcee 8280
cctatcatga aaaacaaagg ctgtgacgac tacccccttce cccaaaaaat ttgcttaaac 8340
catcaataaa gacagcctag cctatataag catgaggatg gttcaggagg gggctcgcetce 8400
tcttgeccgat cgccctgete acctcgagtg tcecatctect ggtcaatcag ttgagacgcece 8460
gccggcetgee ggtectectgg ttgtegcace tectgaacca ccecttgggt aagtcecceccce 8520
ttggtcecgag cttggctaca gtttcectgtag tcgctcecceccag ggaagtctee gagactgecce 8580
aagcctetge ttgcaaggct acggccctcee accectette cgegtecgtg ttaatctett 8640
cgegecaace gaaaacgaaa gcgcectecag ctetettgge ceggggcecag gectgagecg 8700
cgegggegea ccaccttaag cccgetgtac tcaaaccect cegggagggyg ccctttacag 8760
taggcgeceg tecceccecggg ggaaacatac a 8791
<210> SEQ ID NO 82
<211> LENGTH: 7
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct
<400> SEQUENCE: 82
gttaaac 7

<210> SEQ ID NO 83
<211> LENGTH: 7

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Description of Artificial Sequence;

note=synthetic construct

<400> SEQUENCE: 83

tttaaac

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 84

LENGTH: 61

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Description of
note=synthetic construct

<400>

SEQUENCE: 84

Glu Arg Arg Arg Arg Cys Glu Glu Glu Glu

1 5

Arg Leu

10

Arg

Lys Lys Glu Arg Gln Leu Ile

20

Arg Gln Asp Met

25

Cys Asp

Glu Gly Phe Cys Leu Glu

35

Asp Leu Gly Tyr Ile Asp Phe

Glu Ser Gln Gln
50

Ala
55

Leu Arg Gly Glu Glu Ser Leu

60

Cys

Artificial Sequence;

Lys Arg Gln

15

Leu Gly Phe
30

Leu Glu Arg

The invention claimed is:

1. A method of identifying new primate T-lymphotropic
viruses comprising:

contacting a nucleic acid using a first set of primers,

wherein the first set of primers is selected from the
group consisting of:

(a) primers that hybridize to SEQ ID NO: 36, 53 or 81,

wherein the primers are fluorescently labeled; or

(b) SEQ ID NOs: 7 and 8, SEQ ID NOs: 9 and 10, SEQ

ID NOs: 11 and 12, SEQ ID NOs: 13 and 14, SEQ ID
NOs: 15 and 16, SEQ ID NOs: 17 and 18, SEQ ID NOs:
23 and 24, SEQ ID NOs: 25 and 26, SEQ ID NOs: 27
and 28, SEQ ID NOs: 29 and 30, NOs: 31 and 32, SEQ
ID NOs: 33 and 34, SEQ ID SEQ ID NOs: 69 and 70,
SEQ ID NOs: 71 and 72, SEQ ID NOs: 73 and 74, SEQ
ID NOs: 75 and 76, SEQ ID NOs: 77 and 78, and SEQ
ID NOs: 79 and 80;

amplifying the nucleic acid;

identifying any amplified nucleic acid; and

comparing the sequence to known primate T-lymphotro-

pic viral sequences, wherein sequence divergence
greater than 5% indicates a new virus.

2. The method of claim 1, wherein the method further
comprises contacting the nucleic acid using a second set of
primers internal to the first set of primers.

3. The method of claim 2, wherein the first set of primers
is selected from the group of primers pairs consisting of SEQ
ID NOs: 7 and 8, SEQ ID NOs: 11 and 12, SEQ ID NOs: 15
and 16, SEQ ID NOs: 23 and 24, SEQ ID NOs: 27 and 28,
SEQ ID NOs: 31 and 32, SEQ ID NOs: 69 and 70, SEQ 1D
NOs: 73 and 74, and SEQ ID NOs: 77 and 78, and wherein
the second set of primers is selected from the group of
primer pairs consisting of SEQ ID NOs: 9 and 10, SEQ ID
NOs: 13 and 14, SEQ ID NOs: 17 and 18, SEQ ID NOs: 25
and 26, SEQ ID NOs: 29 and 30, SEQ ID NOs: 33 and 34,
SEQ ID NOs: 71 and 72, SEQ ID NOs: 75 and 76, and SEQ
ID NOs: 79 and 80.

4. A method of identifying new primate T-lymphotropic
viruses comprising:

contacting a nucleic acid using a set of primers selected
from the group consisting of SEQ ID NOs: 7 and 8,
SEQ ID NOs: 9 and 10, SEQ ID NOs: 11 and 12, SEQ
ID NOs: 13 and 14, SEQ ID NOs: 15 and 16, SEQ ID
NOs: 17 and 18, SEQ ID NOs: 23 and 24, SEQ ID NOs:
25 and 26, SEQ ID NOs: 27 and 28, SEQ ID NOs: 29
and 30, NOs: 31 and 32, SEQ ID NOs: 33 and 34, SEQ
ID SEQ ID NOs: 69 and 70, SEQ ID NOs: 71 and 72,
SEQ ID NOs: 73 and 74, SEQ ID NOs: 75 and 76, SEQ
ID NOs: 77 and 78, and SEQ ID NOs: 79 and 80;

amplifying the nucleic acid;

identifying any amplified nucleic acid; and

comparing the sequence to known primate T-lymphotro-
pic viral sequences, wherein sequence divergence
greater than 5% indicates a new virus.

5. A method of identifying new primate T-lymphotropic

viruses comprising:

contacting a nucleic acid using a first set of primers,
wherein the first set of primers is selected from the
group consisting of SEQ ID NOs: 7 and 8, SEQ ID
NOs: 11 and 12, SEQID NOs: 15 and 16, SEQ ID NOs:
23 and 24, SEQ ID NOs: 27 and 28, NOs: 31 and 32,

30

30 SEQ ID SEQ ID NOs: 69 and 70, SEQ ID NOs: 73 and
74, and SEQ ID NOs: 77 and 78;
amplifying the nucleic acid;
identifying any amplified nucleic acid; and
o comparing the sequence to known primate T-lymphotro-

pic viral sequences, wherein sequence divergence
greater than 5% indicates a new virus.

6. The method of claim 5, wherein the method further
comprises contacting the nucleic acid using a second set of
primers internal to the first set of primers.

7. The method of claim 6, wherein the second set of
primers is selected from the group consisting of SEQ ID
NOs: 9 and 10, SEQ ID NOs: 13 and 14, SEQ ID NOs: 17
and 18, SEQ ID NOs: 25 and 26, SEQ ID NOs: 29 and 30,
SEQ ID NOs: 33 and 34, SEQ ID NOs: 71 and 72, SEQ 1D
NOs: 75 and 76, and SEQ ID NOs: 79 and 80.

#* #* #* #* #*
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